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GeologitA  in  Charge. 

WORK  OF  THE  EASTERN  SECTION  OF  HYDROLOGY  IN 

1905,  AND  PUBLICATIONS  RELATING  TO 

UNDERGROUND  WATERS. 


By  Myron  L.  Fuller. 


INTRODUCTION. 

The  present  report  is  the  fourth  volume  of  miscellaneous  short  contributions,  the  preceding 
volumes  of  which  appeared  under  the  title  of  "Contributions  to  the  Hydrology  of  East- 
em  United  States."  The  change  in  name  is  made  with  the  view  of  more  clearly  indicating 
the  scope  of  the  report. 

The  present  volume  contains  eleven  papers  by  six  authors,  mainly  connected  with  the 
eastern  section  of  the  division  of  hydrology.  These  papers  are  predominantly  of  a  theo- 
retical or  general  character;  papers  relating  to  local  areas,  such  as  the  quadrangle  descrip- 
tions appearing  in  the  previous  reports,  are  omitted,  as  it  has  been  shown  that  there  is  less 
demand  for  such  descriptive  contributions  than  for  general  or  theoretical  papers,  which 
often  have  practical  engineering  and  geologic  applications.  The  fact  that  the  report  makes 
available  a  considerable  number  of  short  contributions  which  could  not  otherwise  be  satis- 
factorily placed  before  the  public  is  one  of  the  leading  reasons  for  its  publication. 

As  in  previous  reports,  the  present  volume  covers  a  wide  range  of  subjects,  including 
papers  on  (1)  artesian  nomenclature  and  the  representation  of  ground-water  data  on  maps, 
(2)  occurrence  of  ground  waters  in  igneous  rocks,  (3)  description  of  the  ground-water 
resources  of  special  localities,  (4)  the  use  of  wells  in  the  dramage  of  wet  lands,  (5)  the 
amount  of  ground  water  in  the  earth,  (6)  a  method  of  tracing  underground  currents,  (7) 
spring  waters  of  peculiar  composition,  (8)  depths  reached  by  boring,  (9)  flowing  wells  and 
springs,  (10)  problems  of  water  contamination,  and  (II)  improvement  of  water  in  wells. 

WORK  OF  THE  EASTERN  SECTION  OF  HYDROLOGY. 

Pergonnel. — Of  the  permanent  members  of  the  section,  M.  L.  Fuller  has  continued  m 
charge  of  the  work  in  eastern  United  States,  and  in  addition  to  executive  duties  has  given 
special  attention  to  the  water  supplies  of  Pleistocene  and  Coastal  Plain  deposits.  F.  U. 
Clapp  has  been  engaged  mainly  in  the  investigation  of  Pleistocene  geology  and  its  relation 
to  undei^ound  waters.  E.  E.  Ellis  has  devoted  the  greater  part  of  the  season  lo  a  study 
of  the  occurrence  of  ground  witters  in  igneous  rocks,  especially  those  of  Connecticut.  Isaiah 
Bowman  has  been  engaged  in  6eld  work  and  m  the  preparation  oi  a  report  on  the  methods 
of  well  driUing  in  use  in  different  parts  of  the  country.    Samuel  danford  has  had  chaigo 
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of  the  collection  of  deep-weH  records  and  samples.  B.  L.  Johnson  has  devoted  his  time 
to  a  laix^c  extent  to  the  preparation  of  a  bibliography  of  the  underground  waters  of  the 
United  States. 

In  addition  to  the  permanent  force  the  following  have  been  engaged  in  work  for  the 
section  during  the  year:  W.  S.  Bayley,  on  underground  waters  of  Maine;  G.  N.  Knapp,  in 
New  Jersey;  L.  W.  Stephenson,  in  North  Carolina;  S.  W.  McCallie,  in  Georgia;  E.  A. 
Smith,  in  Alabama;  L.  C.  Glenn,  in  Trnnr^see  and  Kentucky;  A.  C.  Veatch,  A.  F.  Crider, 
and  L.  W.  Stephenson,  in  Arkansas;  E.  M.  Shcpard,  in  Missouri;  W.  H.  Norton  and  How- 
ard E.  Simpson,  in  Iowa;  C.  W.  Hall,  in  Minnesota,  and  Frank  Leverett,  in  Michigan. 
E.  F.  Lines  and  D.  F.  MacDonald  have  assisted  in  office  work. 

Office  work. — The  office  work  for  the  year  has  consisted,  in  addition  to  exex^utive  duties, 
of  the  preparation  of  a  bibliography  of  the  underground  waters  of  the  United  States,  and 
of  tables  relating  to  the  discharge  and  other  features  connected  with  artesian  wells,  and  of 
the  systematic  collection  of  well  records  and  samples.  Both  th^  executive  work  and  the 
collection  of  samples  involve  a  very  extended  correspondence  and  the  furnishing  of  informa- 
tion in  regard  to  wells  and  underground-water  conditions  to  a  large  number  of  applicants. 
Separate  reports  on  the  bibliography  of  underground  waters,  artesian  tables,  and  collection 
of  well  samples  are  in  preparation. 

Theoretical  invegligations. — ^The  principal  theoretical  and  technical  investigations  under- 
taken in  1905  related  to  the  fluctuations  of  the  water  level  in  wells,  by  A.  C.  Veatch,  and 
the  methods  of  well  drilling  by  Isaiah  Bowman.  The  report  on  the  fluctuation  of  wells  is 
in  press,  and  that  on  well  drilling  is  nearly  completed. 

Surveys. — Detailed  surveys  of  underground-water  problems  have  been  conducted  in  Con- 
necticut by  H.  E.  Gregory  and  E.  E.  Ellis;  in  Iowa,  by  W.  II.  Norton  and  Howard  E. 
Simpson;  in  Arkansas,  by  M.  L.  Fuller,  A.  F.  Crider,  and  L.  W.  Stephenson;  and  in  North 
Carolina  by  L.  W.  Stephenson  and  B.  L.  Johnson.  In  Connecticut  and  Arkansas  the  work 
is  completed  and  reports  are  in  preparation.  In  Iowa  and  North  Carolina  the  surveys  are 
incomplete  and  will  require  further  work  the  coming  season. 

Reports. — The  following  reports  have  been  published  since  January  1, 1905: 

Bibliographic  review  and  index  of  papers  relating  to  underground  waters  published  by  the  United 
States  Geological  Survey,  1879-1904,  by  M.  L.  Fuller:  Water-Sup.  and  Irr.  Paper  No.  120,  128  pp. 

Contributions  to  the  hydrology  of  eastern  United  States,  1904,  M.  L.  Fuller,  geologist  in  charge:  Water- 
Sup,  and  Irr.  Paper  No.  110.  211  pp. 

Underground  waters  of  eastern  United  States,  M.  L.  Fuller,  geologist  in  charge:  Water-Sup.  and  Irr. 
Paper  No.  114,  285  pp. 

Relation  of  the  law  to  underground  waters,  by  D.  W.  Johnson:  Water-Sup.  and  Irr.  Papt»r  No.  122, 
65  pp. 

Field  measurements  of  the  rate  of  movement  of  underground  waters,  by  C.  S.  Sllchter:  Water-Sup. 
and  Irr.  Paper  No.  140,  122  pp. 

Contributions  to  the  hydrology  of  eastern  United  States,  1905,  M.  L.  Fuller,  geologist  in  charge:  Water- 
Sup,  and  Irr.  Paper  No.  145,  220  pp. 

Record  of  deep-well  drilling  for  1904,  by  M.  L.  Fuller,  E.  F.  Lines,  and  A.  C.  Veatch:  Bull.  No.  264, 
106  pp. 

Underground  water  resources  of  Long  Island,  New  York,  by  A.  C.  Veatch:  Prof.  Paper  No.  44,  394  pp. 

In  addition  the  following  papers  have  been  received  from  the  authors  and  transmitted 
for  publication: 

Fluctuations  of   the  water  level  in  wells,  with   special   reference   to  Long   Island,  New    York,  by 

A.  C.  Veatch:  Water-Sup.  and  Irr.  Paper  No.  155. 
Geology  and  underground  waters  of  Mississippi,  by  A.  F.  Crider  and  L.  C.  Johnson:  Water-Sup.  and 

Irr.  Paper  No.  159. 
Geology  and  water  resources  of  northern  Louisiana  and  southern  Arkansas,  by  A.  C.  Veatch:  Prof. 

Paper  No.  46. 

The  following  papers  are  nearly  completed  : 

Flowing  wells  of  the  southern  portion  of  the  lower  IVninsula  of  Michigan,  by  Frank  Leverett. 
Flowing  wells  of  the  northern  and  central  portions  of  the  lower  Peninsula  of  Michigan,  by  Frank 

Leverett. 
ArtMian  waten  of  MlMOuri,  by  E.  M.  Sbepard. 
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Cndeii^rocmd  water  resouroes  of  Tennessee  and  Kentucky  west  of  Tennessee  River>  and  of  an  adjacent 

area  in  Illinois,  by  L.  C.  Glenn, 
rndeii^xoand  water  resources  of  Minnesota,  by  C.  W.  Hall. 

Preliminary  reports  oq  the  wells  and  springs  of  Virginia  and  South  Carolina  were  pre- 
pared by  M.  L.  Fuller  for  the  State  surveys  in  accordance  with  plans  of  cooperation 
approved  by  the  Director. 

PUBLICATIONS  OF  THE  UNITED  STATES  GEOLOGICAL  SURVEY. 

The  results  of  the  work  of  the  Survey  on  underground  waters  and  springs  are  published 
as  reports  of  various  kinds.  All  but  the  folios  and  monographs,  which  are  sold  at  cost, 
arp  for  free  distribution  and  can  be  obtained  on  application  to  the  Director  until  the  editions 
are  exhausted.     A  number  have  been  delivered  to  members  of  Congress  for  distribution. 

A  full  subject  index  of  the  Survey  publications  on  underground  waters  is  contained  in 
Water-Supply  and  Irrigation  Paper  No.  120,  entitled  ^'Bibliographic  review  and  index  of 
papers  relating  to  underground  waters  published  by  the  United  States  Geological  Survey." 

A  list  of  papers  published  by  the  Survey  since  Water-Supply  Paper  No.  120  was  prepared, 
and  brief  references  to  the  most  important  publications  of  the  Survey,  are  given  below: 

GENERAL  DESCRIPTIVE  REPORTS. 
ALABAMA. 

Alabama  (water  reaources),  by  E.  A.  Smith:  Water-Sup.  and  Irr.  Paper  No.  114,  1905,  pp.  164-170. 
For  otlM>r  reports  see  Water-Supply  Paper  No.  102. 

ARKANSAS. 

Smnmary  of  the  water  supply  of  the  Ozark  region  in  northern  Arkansas,  by  George  I.  Adams:  Water- 
Sup,  and  Irr.  Paper  No.  110, 1905,  pp.  179-182. 

Northern  Arkansas  (water  resources),  by  A.  H.  Purdue:  Watei^Sup.  and  Irr.  Paper  No.  114,  1905, 
pp.  18H-197. 

Water  resources  of  the  Winslow  quadrangle,  Arkansas,  by  A.  II.  Purdue:  Water-Sup.  and  Irr.  Paper 
No.  145,  1905.  pp.  84-87. 

Water  resources  of  the  contact  region  between  the  Paleozoic  and  Mississippi  emhayment  deposits 
in  northern  Arkansas,  by  A.  H.  Purdue:  Water-Sup.  and  Irr.  Paper  No.  145,  1905,  pp.  8H-119. 
For  other  reports  see  Water-Supply  Paper  No.  102. 

CALirOBNIA. 

Water  problems  of  Santa  Barbara,  Cal.,  by  J.  B.  Lippincott:  Water-Sup.  and  Irr.  Paper  No.  116,  1905. 
For  other  reports  see  Water-Supply  Papers  Nos.  60  and  6J». 

COLORADO. 

Gt^log>'  and  underground-water  resources  of  the  central  Great  Plains,  by  N.  H.  Darton:  Prof.  Paper 
No.  32,  1904. 
For  other  reports  see  Sixteenth,  Seventeenth,  and  Twenty-first  Annual  Reports,  Bulletin  No.  131, 
and  Folios  36,  68,  and  71. 

CONNECTICUT. 

Drilled  wells  of  the  Triassic  area  of  the  Connecticut  Valley,  by  W.  H.  C.  Pynchon:  Water-Sup.  and 

Irr.  Paper  No.  110,  1905,  pp.  65-94. 
Triassic  rocks  of  the  Connecticut  Valley  as  a  source  of  water  supply,  by  M.  L.  Fuller:  Water-Sup.  and 

Irr.  Paper  No.  110,  1905,  pp.  95-112. 
Connecticut  (water  resources),  by  H.  E.  Gregory:  Water-Sup.  and  Irr.  PHp<'r  No.  114,  1905,  pp.  76-81. 
For  other  reports  see  Water-Supply  Paper  No.  102. 

CUBA. 

Notes  on  the  hydrology  of  Cuba,  by  M.  L.  Fuller:  Water-Sup.  and  Irr.  Paper  No.  110,  1905,  pp.  183-200. 

DELAWARE. 

Delaware  (water  re-sources),  by  N.  II.  Darton:  Water-Sup.  and  Irr.  Paper  No.  114,  1905,  pp.  111-113. 
For  other  reports  sec  Bulletin  No.  138. 

DISTRICT  OF  COLUMBIA. 

Difltrict  of  Columbia  (water  resources),  by  N.  If.  Darton  and  M.  L.  Fuller:  Water-Sup.  and  Irr.  i'aper 
No.  114,  1905.  pp.  124-126. 
For  other  reports  see  Bulletin  No.  138  and  Folio  70. 
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Florida  (water  resources),  by  M.  L.  Full^:  Water-Sup.  and  Irr.  Paper  No.  114,  1905,  pp.  15&-163. 
For  other  reports  see  Water-Supply  Paper  No.  102. 

GEORGIA. 

Georgia  (water  resources'),  by  S.  W.  McCallie:  Water-Sup.  and  Irr.  Paper  No.  114,  1905,  pp.  153-158. 
For  other  reports  see  Water-Supply  Paper  No.  102  and  Bulletin  No.  138. 

IDAHO. 

See  Water-Supply  Papers  Nos.  54,  65,  78,  Bulletin  No.  199,  and  Folio  104. 

HAWAII. 

See  Water-supply  Paper  No.  77. 

ILLINOIS. 

Illinois  (water  resources),  by  Frank  Leverett:  Water-Sup.  and  Irr.  Paper  No.  114,  1905,  pp.  248-257. 
For  other  reports  see  Seventeenth  Annual  Report  and  Folios  07,  81,  and  105. 

INDIANA. 

Indiana  (water  resources),  by  Frank  Leverett:  Water-Sup.  and  Irr.  Paper  No.  114, 1905,  pp.  258-2G4. 

For  other  reports  see  Water-Supply  Papers  Nos.  21  and  26,  Eighteenth  Annual  Report,  and  Folios 
67,  81,  and  105. 

IOWA. 

Iowa  (water  lesourccs),  by  W.  IT.  Norton:  Water-Sup.  and  Irr.  Paper  No.  114,  1905,  pp.  220-225. 
Water  supplies  at  Waterloo,  Iowa,  by  W.  II.  Norton:  Water-Sup.  and  Irr.  Paper  No.  145,  1905,  pp. 
148-155. 
For  other  reports  see  Sixteenth  Annual  Report. 

KANSAS. 

Geology  and  underground-water  resources  of  the  central  Great  Plains,  by  N.  H.  Darton:  Prof.  Paper 

No.  32.  1904,  pp.  433. 
Water  resources  of  the  Joplin  district,  Missouri-Kansas,  by  W.  S.  Tangier  Smith:  Watcr-Su^.  and 

Irr.  Paper  No.  145,  1905,  pp.  74-83. 
For  other  reports  see  Water-Supply  Paper  No.  6,  Twenty-second  Annual  Report,  and  Bulletin  No.  131. 

KENTUCKY. 

Water  resources  of  the  Middlesboro-Harlan  region  of  southeastern  Kentucky,  by  George  II.  Ashley: 

Water-Sup.  and  Irr.  Paper  No.  110,  1905,  pp.  177-178. 
Kentucky  (water  resources),  by  L.  C.  Glenn:  Water-Sup.  and  Irr.  Paper  No.  114,  1905,  pp.  205-208. 
For  other  reports  see  Water-Supply  Paper  No.  102. 

LOUISIANA. 

Louisiana  (water  resources),  by  A.  C.  Veatch:  Water-Sup.  and  Irr.  Paper  No.  114, 1905,  pp.  179-187. 
For  other  reports  see  Water-iSupply  Paper  No.  101. 
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Maine  (water  resources),  by  W.  S.  Bayley:  Water-Sup.  and  Irr.  Paper  No.  114,  1905,  pp.  41-56. 
Water  resources  of  the  Portsmouth- York  region.  New  Hampshire  and  Maine,  by  George  Otis  Smith: 
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Paper  No.  145,  1905,  pp.  151>-1G0. 
For  other  reports  see  Water-Supply  Paper  No.  101. 

MARYLAND. 

Water  resources  of  the  Accident  and  Grantsville  quadrangles,  Maryland,  by  G.  C.  Martin:  Water- 
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1905.  pp.  lGl-178. 
For  other  reports  sec  Water-Supply  Paper  No.  102. 
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Water  resources  of  the  Fort  Ticonderoga  quadrangle,  Vermont  and  New  York,  l)y  T.  Nelson  Dale: 

Water-Sup.  and  Irr.  Paper  No.  110.  1905,  pp.  126-129. 
Water  resources  of  the  Taconic  quadrangle.  New  York,  Massachusetts,  and  Vermont,  by  F.  B.  Taylor: 

Water-Sup.  and  Irr.  Paper  No.  110.  1905.  pp.  130-133. 
Water  resources  of  the  Watkins  Glen  quadrangle.  New  York,  by  Ralph  S.  Tarr:  Water-Sup.  and  Irr. 

Paper  No.  110. 1905,  pp.  134-140. 
New  York  (water  resources),  by  F.  B.  Weeks:  Water-Sup.  and  Irr.  Paper  No.  114,  1905,  pp.  82-92. 
Water  resources  of  the  Catatonk area.  New  York,  by  E.  M.  Kindle:  Water-Sup.  and  Irr.  Paper  No.  145, 

1905,  pp.  5.V57. 
Waters  of  a  gravel-fllled  valley  near  TuUy,  N.  Y.,  by  George  B.  llolllstor:  Water-Sup.  and  Irr.  Paper 

No.  145.  1905,  pp.  179-184. 
For  other  reporU  see  Water-Supply  Paper  No.  102  and  Bulletin  No.  138. 


6  UNDEBGBOUND-WATSB  PAPBB8,  1006. 

NOKTH  CABOLINA. 

Water  resources  of  tae  Cowee  and  Pisgah  quadrangles,  North  Carolina,  by  Hoyt  S.  Oale:  Water-Sup. 

and  Irr.  Paper  No.  110, 1905,  pp.  174-176. 
North  Carolina  (water  resources) ,  by  M.  L.  Fuller:  Water-Sup.  and  Irr.  Paper  No.  114, 1905,  pp.  136-139. 
For  other  reports  see  Bulletin  No.  138  and  Folio  80. 

NOKTH  DAKOTA. 

See  Seventeenth  Annual  Report. 

OHIO. 

Ohio  (water  resources),  by  Frank  Leverett:  Water-Sup.  and  Irr.  Paper  No.  114, 1905,  pp.  265-270. 
For  other  reports  see  Eighteenth  and  Nineteenth  Annual  Reports. 

OKLAHOMA. 

See  Twenty-second  Annual  Report. 

OKEQON. 

See  Water-Supply  Papers  Nos.  7,  8,  and  252. 

PENNSYLVANIA. 

Water  resources  of  the  Chamborsburg  and  Merccrsburg  quadrangles,  Pennsylvania,  by  George  W. 
Stose:  Water-Sup.  and  Irr.  Paper  No.  110,  1905,  pp.  156-158. 

Water  resources  of  the  Curwensville.  Patton,  Ebcnsburg,  and  Barnesboro  quadrangles,  Pennsylvania, 
by  F.  0.  Clapp:  Water-Sup.  and  Irr.  Paper  No.  110,  1905,  pp.  159-163. 

Water  resources  of  the  Elders  Ridge  quadrangle,  Pennsylvania,  by  Ralph  W.  Stone:  Water-Sup.  and 
Irr.  Paper  No.  110,  1905.  pp.  164-165. 

Water  resources  of  the  Waynesburg  quadrangle,  Pennsylvania,  by  Ralph  W.  Stone:  Water-Sup.  and 

.      Irr.  Paper  No.  110, 19a5,  pp.  166-167. 

Pennsylvania  (water  resources),  by  M.  L.  Fuller:  Water-Sup.  and  Irr.  Paper  No.  114, 1905,  pp.  104-110. 

Water  resources  of  the  Pawpaw  and  Hancock  quadrangles.  West  Virginia,  Maryland,  and  Pennsyl- 
vania, by  Ocoige  W.  Stose  and  George  C.  Martin:  Water-Sup.  and  I  rr.  Paper  No.  145, 1905,  pp.  58-63. 

Waynesburg  folio,  Pennsylvania,  by  Ralph  W.  Stone:  Geologic  Atlas  U.  8..  folio  121,  1905. 
For  other  reports  see  Water-Supply  Paper  No.  106. 

RHODE  ISLAND. 

Massachusetts  and  Rhode  Island  (water  resources),  by  W.  O.  Crosby:  Water-Sup.  and  Irr.  Paper  No. 
114.  1905,  pp.  68-75. 
For  other  reports  see  Water-Supply  Paper  No.  102. 

SOUTH  CAROLINA. 

South  Carolina  (water  resources),  by  L.  C.  Glenn:  Water-Sup.  and  Irr.  Papt»r  No.  114, 1905,  pp.  140-152. 
For  other  reports  see  Bulletin  No.  138. 

SOUTH  DAKOTA. 

Geology  and  underground- water  resources  of  the  central  Great  Plains,  by  N.  H.  Darton:  Prof.  Paper 

No.  32.  1904. 
Huron  folio,  South  Dakota,  by  J.  E.  Todd:  Geologic  Atlas  U.  S.,  folio  113.  1904. 
De  Smet  folio,  South  Dakota,  by  J.  E.  Todd  and  C.  M.  Hall:  Geologic  Atlas  U.  S.,  folio  114,  1904. 

For  other  reports  see  Water-Supply  Papers  Nos.  34  and  90,  Seventeenth,  Eighteenth,  and  Twenty- 
first  Annual  Reports,  and  Folios  85,  96.  97.  99,  100.  107,  and  108. 

TENNESSEE.       . 

Tennessee  and  Kentucky  (water  resources),  by  L.  C.  Glenn:  Water-Sup.  and  Irr.  Paper  No.  114,  1905, 
pp.  198-208. 
For  other  reports  see  Water-Supply  Paper  No.  102. 

TEXAS. 

See  Eighteenth,  Twcnty-flrst.  and  Twenty-second  Annual  Reports  and  Folio  42. 

VERMONT. 

Water  resources  of  the  Fort  Ticonderoga  quadratigie.  Vermont  and  Now  York,  by  T.  Nelson  Dale: 

Water-Sup.  and  Irr.  Paper  No  110, 1905,  pp.  126-129. 
Water  resources  of  the  Taconic  quadrangle,  New  York.  Massachusetts,  and  Vermont,  by  F.  B.  Taylor; 

Water-Sup.  and  Irr.  Paper  No.  110,  1905,  pp.  130-133. 
Vermont  (water  resources),  by  G.  H.  Perkms.  Water-Sup.  and  Irr.  Paper  No.  114,  1905,  pp.  60-67. 
For  other  reports  see  Water-Supply  Paper  No.  102. 

VIRGINIA. 

Virginia  (water  resources),  l)y  N.  H.  Darton  and  M.  L.  Fuller:  Water-Sup.  and  Irr.  Paper  No.  114, 
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Underground  waters  of  eastern  United  States,  M.  L.  Fuller,  geologist  m  charge.  Water-Sup.  and  Irr. 
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For  other  reports  see  Water-Supply  Paper  No.  67  and  Filth  and  Nineiwnth  .\nnual  Reports. 

LAWS   RELATING   TO    UNDERGROUND    WATERS. 

Relation  of  the  law  to  underground  waters,  by  D.  VV.  Johnson.  Water-Sup.  and  Irr.  Paper  No.  122, 
1905. 

WELL-DRILLING    METHODS. 

The  California  or  "stovepipe"  method  of  well  construction,  by  Charles  S.  Slichter:  Water-Sup.  an' 
Irr.  Paper  No.  110, 1905,  pp.  32-36. 
For  otber  reports  see  Water-Supply  Pap(>r  No.  101  and  Bulletin  No.  212. 


8  UNDERGROUND- WATER   PAPERS.  1906. 
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SIGNIFICANCE  OF  THE  TERM   "ARTESIAN." 


By  Myron  L.  Fulleb. 


INTRODUCTION. 

The  term  artesian,  derived  from  the  town  of  Artois  in  France,  where  the  first  flowing 
wells  of  importance  were  secured,  was  originally  applied  only  to  those  wells  in  which  the 
water  rose  above  the  surface,  but  in  late  years  has  been  used  in  a  number  of  other  senses. 
At  the  present  time,  in  fact,  one  can  ngt  be  assured  of  its  meaning  in  a  particular  paper 
unless  its  use  is  specifically  stated.  In  many  cases,  fortunately,  it  is  so  defined,  but  the 
variability  of  the  usage  in  different  cases  is  sufficient  to  emphasize  the  need  of  a  standard 
definition  which  shall  be  adhered  to  in  public  discussions. 

It  is  doubtful  if  any  definition  can  be  devised  which  will  meet  the  approval  of  or  be 
accepted  by  all  geologists,  as  opinions  will  naturally  vary  greatly  according  to  the  locality 
and  nature  of  the  work  on  which  the  geologists  are  engaged.  But  while  there  is  consider- 
able diversity  of  practice  there  is  nevertheless  a  general  tendency  to  give  the  term  one  or 
the  other  of  two  meanings,  and  a  considerable  number  of  geologists  have  expressed  their 
willingness  to  accept  any  definition  agreed  on  by  the  majority  of  active  workers  on  undei^ 
ground-water  problems. 

The  need  of  uniform  practice  has  probably  been  felt  most  severely  in  the  United  States 
Geological  Survey,  where  a  considerable  number  of  men  devote  their  entire  time  to  under- 
ground-water investigations  and  to  related  geologic  problems,  and  it  has  become  desirable 
either  to  drop  the  use  of  the  term  entirely  or  to  adopt  some  definition  which  will  meet  the 
needs  of  geologists  and  be  in  harmony  with  the  best  usage  in  this  country.  For  the  pur- 
pose of  obtaining  the  views  of  the  different  authorities,  circular  letters  were  mailed  to  those 
who  have  at  one  time  or  another  been  engaged  in  underground-water  investigations  or  who 
are  at  the  head  of  organizations  such  as  State  surveys,  etc.  Replies  were  received  from 
about  fifty  geologists,  and  although  they  showed  a  considerable  range  of  opinion,  they  were 
of  much  assistance  in  the  consideration  of  a  definition  of  the  term. 

USE  OF  TERM  "ARTESIAN." 

ORIGINAL  USE. 

The  question  of  the  eariy  use  of  the  term  has  been  admirably  summarized  by  W.  H. 
Norton,  a  The  word  is  derived  from  Artesium,  the  Latin  equivalent  of  Artois,  the  name  of 
an  ancient  province  of  France  now  included  in  the  department  of  Pas  de  Calais,  wheie  the 
first  flowing  wells  to  be  extensively  known  were  obtained.  The  term  in  its  etymology  car- 
ries no  definition,  but  it  is  unquestionable  that  it  was  the  overflow  of  the  Artois  wells  which 
attracted  attention  to  them.  The  water  in  all  wells,  except  those  sunk  to  the  shallow  uncon- 
fined  ground  waters,  rises  when  encountered  and  m  many  instances  stands  within  a  few 
feet  or  even  a  few  inches  of  the  top.  Such  wells,  however,  never,  even  in  the  earliest  times, 
excited  any  comments,  while  flowing  waters  have  almost  invariably  been  regarded  by  the 
people  at  lai^  as  of  some  mysterious  and  unknown  but  none  the  less  wonderful  origin. 


a  Artesian  wells  of  Iowa:  Iowa  Qeol.  Survey,  vol.  6, 18P7,  pp.  122-128. 
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In  the  early  days  the  term  bored  wells  (puits  forfe)  was  practically  equivalent  to  flowing 
wells,  since  these  alone  at  that  time  were  bored  or  drilled.  lAter  the  terms  bored  wells, 
deep  wells,  artesian  wells,  artesian  fountains,  and  even  bubbling  wells  have  all  been 
applied  to  the  same  type.  As  wide  a  range  of  terms  is  found  in  French  scientific  literature, 
viz,  puits  forfo,  puits  art^iens,  fontaines  art^iennes,  fontaines  artificielles,  fontaines  jaillis- 
santes  des  puits  for^,  etc.  The  term  artesian  obtained  a  definite  place  in  literature  as  early 
as  1805,  and  was  applied  to  those  wells  which  flowed. 

USE   IN   RECENT  SCIENTIFIC  LITERATUBB. 

As  the  geologic  conditions  governing  artesian  waters  became  known  the  term  artesian 
was  gradually  extended  by  some  writers  to  include  any  well  in  which  the  water  rose  under 
hydrostatic  pressure  when  encountered,  but  others,  especially  teachers  and  authors  of  text- 
books, have  continued  to  use  the  term  in  its  original  sense,  while  a  few  have  used  it  to  apply 
to  deep  wells  in  general.  In  addition  there  is  a  fourth  popular  use  of  the'  word  for  any 
tubular  well  regardless  of  depth  or  other  factors. 

The  varying  meanings  given  to  the  t«rm  in  this  country  are  shown  by  the  results  of  an 
examination  of  underground-water  papers  by  25  American  authors.  By  "artesian"  6,  or 
24  per  cent,  of  these  authors  mean  flowing  wells;  15,  or  60  per  cent,  wells  in  which  water  is 
under  pressure  but  does  not  necessarily  flow;  and  4,  or  16  per  cent,  deep  wells  in  general. 
It  should  be  borne  in  mind,  however,  that  this  is  not  altogether  an  expression  of  present 
practice.  The  use  of  the  term  artesian  has,  in  fact,  undergone  a  considerable  change  in  the 
last  few  years,  and  a  number  of  writers  use  it  in  a  different  sense  at  the  present  time  from 
that  adopted  by  them  in  their  earlier  writings.  T.  C.  Chamberlin,  for  instance,  at  the  time 
of  the  publication  of  his  report  on  the  requisite  and  qualifying  conditions  of  artesian  welb,a 
in  1885,  defines  an  artesian  well  as  a  flowing  well,  but  in  the  recent  text-book  of  Chamberlin 
and  Salisbury  the  statement  is  made  that  the  term  is  now  applied  to  any  deep  bored  or 
drilled  well. 

EUROPEAN   USE. 

As  to  the  European  use  of  the  term  artesian  the  following  quotation  may  be  given  from 
the  letter  from  C.  S.  Slichter,  who  is  probably  more  familiar  with  foreign  literature  on  arte- 
sian waters  than  any  other  from  whom  replies  to  the  circular  have  been  received.  "  I  have 
found  very  little  difference  of  opinion  among  European  writers  in  the  use  of  the  term.  Any 
area  in  which  the  ground  water  exists  under  an  appreciable  pre^ure  is  called  an  'artesian' 
area,  and  wells  drilled  in  such  a  water-bearing  medium  are  called  'artesian'  wells.  If  they 
flow,  they  are  called  'flowing'  wells;  if  not,  they  are  called  'nonflowing'  wells." 

PRESENT  USE. 

Preferences  of  scierdisUt. — The  preferences  as  to  the  use  of  the  term  artesian  by  the  geol- 
ogists from  whom  returns  were  received  arc  summarized  in  the  accompanying  table  (p.  11). 
The  figures  do  not  in  all  cases  express  the  original  preferences  of  the  geologists,  several  having 
modified  their  opinions  since  the  question  has  been  under  discussion.  This  is  especially 
true  in  regard  to  the  administrative  heads  and  geohydrologists  who,  after  a  full  discussion 
of  the  question,  were  nearly  unanimous  in  favoring  the  use  of  the  term  for  all  waters  under 
hydrostatic  pressure  and  for  all  wells  in  which  the  water  rises.  The  table  therefore  repre- 
sents the  present  views  of  the  geohydrologists  of  the  Geological  Survey  and  the  Survey  geol- 
ogists interested  in  underground-water  investigations,  and  the  views  as  expressed  in  replies 
to  the  circular  letter  of  inquiry  sent  to  geologists  outside«of  Washington.  From  expressions 
in  these  replies  it  is  l)elieved  that  a  considerable  number  of  others  would  now  accept  the  use 
of  the  term  for  all  hydrostatic  wells.  This  is  especially  true  of  those  who  were  inclined  to 
drop  the  term,  there  being  relatively  little  difference  in  the  opinions  of  the  two  classes. 


a  Filth  Ann.  Kept.  U.  8.  Geol.  Survey,  1885,  pp.  125-173. 
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Classified  opinions  rdaiing  to  use  of  word  "artesian*^  as  applied  to  weUs. 


n 


From- 


Drop 
I  tenn 
I  artesian. 


Administrative  heads  who  are  also  engaged  in  field  work  on  i 
underground  waters ^1 

Geohydrologists  devoting  entire  time  to  underground-water  | 
prohli'ras 

(Urologists,  other  than  teachers,  who  have  had  experience  in  ' 
undeiground-water  investigations 1 

Teachers  with  extensive  field  experience  in  underground-  ! 
water  investigations , 

T<»achers  with  limited  field  experience  in  underground-water  | 
investigations.- 


^lowing 
wells. 

All  wells 

in  which 

water 

rises. 

I 

4 

1 

6 

3 

9 

5 

4 

2 

2 

Any  deep 
wells. 


PER  CENT  FAVORING  THE  VARIOUS  PROPOSED  USAGES. 


fAdministrative  heads. 


Mainly  field  experience.  JOcohydrologists 

Geologists  with  extended  field  expe- 
l    ricnce 

Field  and  teaching  expo-  f  Teachers  with  extensive  field  expe- 
rience   I    rience 


Mainly  teaching  or  theo-f  Teachers  with  limited  field  experi- 
rctical  experience \    cnce 


0 

20 

80 

0 

14 

80 

28 

17 

49 

9 

46 

36 

33 

33 

33 

In  the  above  claasificatioD  the  figures  do  not  possess  the  full  significance  they  would 
have  if  a  larger  number  of  individuals  were  represented,  but  as  the  views  of  practically 
all  those  who  have  been  engaged  to  any  extent  in  underground-water  problems  are  repre- 
sented the  figures  may  be  accepted  as  illustrating  the  general  trend  of  opinion. 

It  will  be  seen  that  in  general  the  proportion  of  those  favoring  the  restriction  of  the 
term  artesian  to  flowing  wells  varies  inversely  with  the  amount  of  their  actual  field  expe- 
rience, although  there  are  some  variations  inside  of  the  main  divisions  of  the  classification 
due  to  differences  in  the  standpoint  from  which  the  question  is  viewed. 

The  administrative  heads,  including  State  geologists  and  the  geologists  in  chaise  of  the 
eastern  and  western  sections  of  hydrology  of  the  United  States  Geological  Survey,  who 
meet  the  problem  both  in  the  field  and  in  the  office,  or,  in  other  words,  who  are  familiar 
with  both  the  field  problems  and  the  problems  of  logical  treatment  in  reports,  favor  in 
the  proportion  of  4  to  1  the  more  extended  use  of  the  word. 

Of  the  geohydrologists,  or  those  devoting  their  entire  time  to  the  study  of  underground 
waters,  only  1  out  of  7  favors  returning  to  the  original  definition  of  the  term,  while  of 
geologists  not  devoting  their  entire  time  to  underground-water  work,  but  who  have  had 
extended  experience  with  water  problems,  only  3  out  of  18  favor  returning  to  the  original 
definition. 

In  the  class  of  teachers  the  effect  of  their  characteristic  methods  of  thought  is  at  once 
apparent,  the  percentage  of  those  favoring  the  original  use  of  the  term  artesian  jumping 
to  4<>  per  cent  among  those  with  extensive  field  experience  and  to  33  per  cent  among  those 
with  limited  field  experience  in  underground-water  investigations. 

Popular  use. — The  popular  use  of  the  term  artesian  is  even  more  variable  than  the 
use  by  scientists.  As  pointed  out  in  the  letter  of  T.  C.  Chamberlin,  there  were  not  many 
flowing  wells  in  the  eastern  portion  of  the  country  twenty-five  years  ago,  and  there  was 
at  that  time  no  dominant  practice,  but  "with  the  multiplication  of  wells  and  the  growth 
of  i^>eech  and  common  literature  relative  to  them  usage  has  drifted  strongly  toward  the 
application  of  the  term  artesian  to  deep  wells  quite  irrespective  of  the  rise  or  flow  of  water, 
and  it  seems  useless  to  try  to  stem  the  tide  of  this  growing  practice.  It  is  easy  to  see 
how  this  arises  and  how  inevitable  it  is.    An  individual  or  a  community  in  considering 
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the  question  of  sinking  a  deep  well  in  hope  of  a  flow  naturally  uses  the  term  artesian  in 
reference  to  the  proposed  well.  The  drillers  do  the  same,  and  the  name  thus  becomes 
fixed  before  the  result  is  determined.  Many  wells  are  now  designated  artesian  solely  for 
the  hygienic  implications  of  the  term.'' 

The  uses  mentioned  by  Professor  Chamberlin  are  widely  prevalent  throughout  the 
eastern  United  States  and  often  in  those  areas  in  the  West  in  which  flowing  wells  are  absent. 
In  general  the  term  artesian  is  used  for  flows  in  those  areas  where  flowing  wells  are  common, 
but  elsewhere  the  other  usage  predominates.  The  use  of  the  term  in  various  parts  of  the 
country,  as  brought  to  light  by  the  work  of  the  division  of  hydrology,  may  be  summarized 
as  follows: 

Summary  of  popular  use  of  term  **  artesian" 


Locality. 


New  England 

Atlantic      and      Gulf 
Coastal  Plain. 

Piedmont  Plateau 

Paleozoic  areas 

Oreat  Lakes  region 

Great  Plains 

Great  Basin 

Pacific  coast , 


Use  of  term. 


Any  deep  well  entering  rock  beneath  the  drift 

Any  deep  wells  and  those  shallow  wells  which  flow. 
Occasionally  also  for  a  shallow  tubular  well. 

Any  deep  well ^ 

Variable,  but  generally  for  any  deep  drilled  well  obtain- 
ing water  (not  oil  or  gas) . 

Any  deep  rock  well  drilled  for  water.     Term  not  always 
applied  to  drift  wells  even  when  (lowing. 

Generally  flowing  wells 

Generally  flowing  wells,  always  in  flowing-well  districtb. 

Generally  for  flowing  wells 


Authority. 


M.  L.  Fuller. 
Do. 

Do. 
Do. 

Do. 

N.  II.  Darton. 
G.  B.  Richardson. 
W.  C.  Mendenhall. 


Summary  of  prcftent  use. — From  the  preceding  discussion  it  is  clear  that  no  definite 
meaning  can  l)e  assigned  to  the  word  artesian  in  a  publication  unless  a  definition  is  given 
in  the  same  paper,  a  fact  which  is  emphasized  by  the  various  ways  in  which  the  term  is 
used,  even  the  same  writer  sometimes  employing  it  difl'erently  in  different  publications. 

The  predominant  scientific  usage,  as  brought  out  by  the  table  on  page  11,  is  for  all  wells 
in  which  the  water  rises;  in  other  words,  for  those  exhibiting  the  hydrostatic  or  artesian 
principle.  In  popular  practice  it  is  applied,  in  addition  to  the  uses  previously  mentioned, 
to  deep  wells  in  general,  especially  those  in  rock,  and  to  a  certain  extent  to  any  drilled 
wells  yielding  water  of  good  sanitary  quality. 

ARGUMENTS  FOR  VARIOUS  USES. 


DEFICIENCY   OP  TERMS. 

In  artesian-water  reports  several  types  of  wells  and  waters  occurring  under  a  variety 
of  conditions  must,  in  many  cases,  be  constantly  referred  to.  Of  these,  the  most  common 
are:  (1)  Unconfined  waters,  (2)  confined  waters,  (3)  hydrostatic  principle,  (4)  hydrostatic 
basin,  (5)  nonhydrostatic  wells,  (6)  nonflowing  hydrostatic  wells,  and  (7)  flowing  wells. 

The  term  ground  water  is  commonly  used  for  the  unconfined  portion  of  the  underground- 
water  body,  the  top  of  which  is  represented  by  the  water  table,  while  the  term  flowing 
wells  can  be  satisfactorily  applied  to  those  wells  in  which  the  water  rises  above  the  surface. 
On  the  other  hand,  the  term  nonflowing  is  not  sufficient  to  express  the  character  of  a 
well  in  which  the  water  rises  but  does  not  flow,  as  it  does  not  distinguish  between  such 
wells  and  wells  drawing  from  the  water  table. 

The  original  use  of  the  term  artesian,  as  has  been  seen,  was  for  flowing  wells,  but  if 
restricted  to  such  wells  it  can  not  be  logically  applied  to  basins  in  which  the  water  is  under 
pressure,  but  which  do  not  yield  flowing  wells,  nor  can  it  be  used  to  distinguish  confined 
waters  from  the  ordinary  imconfined  ground  waters,  the  top  of  which  is  represented  by 
the  water  table,  or  for  the  general  result  of  the  action  of  the  hydrostatic  principle. 
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SUmCART  OP   ARGUMENTS. 

Most  of  the  arguments  urged  for  the  diflferent  uses  of  the  term  have  been  outlined  or  sug- 
gested  in  the  preceding  pages,  but  a  brief  statement  summarizing  them  may  not  be  out  of 
place. 

Use  of  term  for  flowing  wells. — The  arguments  brought  forward  by  those  favoring  the 
use  of  the  term  for  flowing  wells  are — 

(1)  The  term  artesian  was  first  used  for  flowing  wells,  and  hence  such  use  has  priority 
over  all  others. 

(2)  The  advocates  of  this  usage  believe  that  it  is  the  predominating  scientific  use. 

(3)  They  believe  it  likewise  predominates  in  popular  usage. 

(4)  The  term  is  capable  of  precise  definition  and  is  based  on  conditions  apparent  to 
the  layman  as  well  as  to  the  scientist. 

(5)  It  is  argued  that  the  term  is  applicable  and  necessary  for  the  practical  discrimination 
of  flowing  and  nonflowing  waters,  a  distinction  regarded  as  of  great  economic  importance. 

Use  for  well  waters  under  pressure. — ^The  advocates  of  the  use  of  the  term  artesian  for 
wells  in  which  the  water  is  under  hydrostatic  pressure  present  the  following  arguments: 

(1)  The  definition  given  to  the  term  should  agree  with  the  most  common  usage. 

(2)  The  common  European  use  of  the  term  is  for  wells  in  which  the  water  is  under  pres- 
sure, but  which  do  not  necessarily  flow. 

(3)  The  proposed  usage  is  followed  by  the  majority  of  field  investigators  in  America. 

(4)  It  is  impossible  at  the  present  time  to  return  to  the  original  meaning. 

(5)  The  term  artesian,  if  used  at  all,  should  be  applied  to  the  hydrostatic  principle  and 
not  to  flows  which  are  an  accidental  result. 

(fS)  The  term  flowing  describes  the  well  exactly  and  in  terms  which  can  not  be  mistaken, 
making  it  unnecessary  to  restrict  the  term  artesian  to  such  wells. 

Use  for  deep  wells. — Those  favoring  the  application  of  artesian  to  deep  wells  in  general 
advance  the  following  considerations: 

(1)  Depth  and  not  flow  was  the  significant  feature  of  the  original  wells  at  Artois. 

(2)  Such  definition  of  the  term  is  according  to  popular  usage. 

DISCUSSION   OF   ARGUMENTS. 

Original  use  cf  term. — All  geologists,  with  one  possible  exception,  are  agreed  that  the 
original  significance  of  the  wells  at  Artois  was  their  flow  and  not  their  depth,  the  fact 
that  they  were  sunk  in  rock,  nor  the  fact  that  they  were  drilled  instead  of  dug.  It  can 
therefore  probably  be  accepted  as  a  fact  that  the  term  was  originally  applied  to  flowing 
wells  (see  pp.  ^10). 

Predominant  usage. — It  has  been  shown  (pp.  10-11)  that  although  scientific  practice 
varies  considerably,  the  majority  of  geologists,  including  the  European  ones,  use  the  term 
in  the  modified  sense  as  applying  to  the  hydrostatic  principle  and  basin,  and  to  wells  in 
which  the  water  rises.  The  popular  usage  is  so  variable  that  it  would  seem  as  if  little 
would  be  gained  by  conforming  to  it,  even  if  some  one  use  largely  predominated,  which, 
however,  is  not  the  case. 

Precise  definition. — ^The  term  artesian,  whether  applied  to  all  wells  in  which  the  water 
rises  or  only  to  flowing  wells,  is  equally  capable  of  precise  definition,  since  a  rise  of  the 
water  is  as  positive  a  fact  as  is  the  flow,  hence  no  argument  can  be  based  upon  such  pre- 
ciseness  of  definition. 

Necessity  of  term  artesian  for  flowing  wells. — ^That  some  term  is  necessary  for  designating 
flowing  welU  will  be  admitted  by  all,  but  that  this  must  necessarily  be  the  word  "artesian'* 
is  very  doubtful.  Any  word  which  will  express  the  meaning  will  answer  and  the  term 
flowing  has  an  advantage  over  artesian  in  that  it  is  self-explanatory. 

Impossibility  cf  returning  to  original  meaning. — That  it  is  probably  impossible  to  return 
to  the  original  meaning  of  the  word  artesian,  except  perhaps  by  scientists,  will  be  recognized 
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by  everyone.  It  will,  however,  doubtless  be  equally  impossible  to  secure  the  uniform 
adoption  of  any  other  definition,  so  this  argument  can  not  be  advanced  in  favor  of  any 
of  the  proposed  uses. 

Basis  of  nomendature. — ^A  definition  of  the  term  artesian,  if  it  is  to  be  redefined,  should, 
it  is  believed,  be  based  on  a  fundamental  principle  rather  than  on  accident.  The  rise  of 
the  water  in  wells  is  the  result  of  the  action  of  the  hydrostatic  principle,  which  results 
from  well-defined  properties  of  liquids  and  definite  physical  laws,  the  rise  taking  place 
in  all  wells  regardless  of  kind,  size,  depth,  material,  or  location,  provided  only  that  confined 
waters  are  encountered.  Flows,  on  the  other  hand,  depend  on  the  location.  One  well 
may  flow  and  another  on  land  a  few  inches  higher  may  not  flow.  Again,  a  well  may  not 
rise  to  the  level  of  the  surface,  but  may  yield  flows  when  piped  laterally  to  a  slightly  lower 
level. 

TERMS  TO  BE  SELECTED. 

NATURE. 

To  secure  the  best  results  it  is  believed  tbat  certain  principles  should  be  assumed  as  a 
guide  in  the  selection  of  terms.    These  are  briefly  outlined  as  follows: 

(1)  The  question  of  depth  should  not  enter  into  the  probable  nomenclature. 

(2)  Definitions  should,  if  possible,  be  based  on  principle  and  not  on  accident. 

(3)  The  terms  should  be  scientific  and  should  be  capable  of  accurate  definition. 

(4)  Provision  should  be  made  for  terms  for  the  hydrostatic  basin  and  principle. 

(5)  The  terms  should  meet  the  needs  of  the  greatest  possible  number  of  workers 

PROPOSED   DEFINITIONS. 

Along  the  line  sketched  in  the  preceding  pages,  the  replies  received  from  other  geologists 
being  considered,  the  t«rms  to  be  used  were  thoroughly  discussed  by  the  members  of  the 
division  of  hydrology  at  the  Survey,  as  a  result  of  which  the  following  definitions  were 
agreed  on  with  practical  unanimity  as  the  most  expedient  at  the  present  time: 

Arieftian  principle. — The  artesian  principle,  which  may  be  considered  as  identical  with 
what  is  often  known  as  the  hydrostatic  principle,  is  defined  as  the  principle  in  virtue  of 
which  water  confined  in  the  materials  of  the  earth's  crust  tends  to  rise  to  the  level  of  the 
water  surface  at  the  highest  point  from  which  pressure  is  transmitted.  Gas  as  an  agent 
in  causing  the  water  to  rise  is  expressly  excluded  from  the  definition. 

Artesian  pressure. — Artesian  pressure  is  defined  as  the  pressure  exhibited  by  water  con- 
fined in  the  earth's  crust  at  a  level  lower  than  its  static  head. 

Artesian  water. — Artesian  water  is  defined  as  that  portion  of  the  underground  water 
which  is  under  artesian  pressure  and  will  rise  if  encountered  by  a  well  or  other  passage 
affording  an  outlet. 

Artesian  system. — An  artesian  system  is  any  combination  of  geologic  structures,  such  as 
basins,  planes,  joints,  faults,  etc.,  in  which  waters  arc  confined  under  artesian  pressure. 

Artesian  basin. — An  artesian  basin  is  defined  as  a  basin  of  porous  bedded  rock  in  which, 
as  a  result  of  tiie  synclinal  structure,  the  water  is  confined  under  artesian  pressure. 

^^^4^C  2>  -ff  f ,.-i^M?a3B| 


Fiti.  l.-^'ondltions  in  an  artesian  basin. 

Artesian  slope. — An  artesian  slope  is  defined  as  a  monoclinal  slope  of  bedded  rocks  in 
which  water  is  confined  beneath  relatively  impervious  covers  owing  to  the  obstruction  to 
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lownward  passage  by  the  pinching  out  of  the  porous  beds,  by  their  change  from  a 
ious  to  an  impervious  character,  by  internal  friction,  or  by  dikes  or  other  obstructions. 
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Artesian  area.  -An  arU'sian  area  is  an  area  undcrJain  by  water  under  artesian  pressure. 
irtesian  wdl. — An  artesian  well  is  any  well  in  which  the  water  rises  under  aitesian  pres- 
e  when  encountered. 


REPRESENTATION  OF  WELLS  AND  SPRINGS  ON  MAPS. 


By  Mybon  L.  Fuller. 


INTRODUCTION. 

In  general  there  has  been  no  attempt  at  uniformity  of  practice  in  the  delineation  on 
maps  of  underground-water  features  or  of  wells  or  springs,  but  the  increase  in  the  number 
of  men  engaged  in  underground-water  investigations  both  on  local  and  national  surveys 
and  the  increasing  number  of  reports  issued  has  been  so  rapid  within  the  past  two  or  three 
years  that  it  now  appears  desirable  that  a  concerted  movement  be  made  to  develop  a  uniform 
system  of  symbols  for  use  on  maps.  As  by  far  the  greater  portion  of  the  undei^ground- 
water  literature,  other  than  that  in  engineering  magazines,  is  published  by  the  United 
States  Geological  Survey,  it  is  thought  that  the  adoption  of  some  such  system  by  its  mem- 
bers will  go  far  toward  securing  uniformity  in  the  country  as  a  whole. 

GENERAL  CONSIDERATIONS. 

It  is  believed  that  the  various  types  of  wells  and  springs  can  l:c  best  shown  by  symbols 
of  different  colors,  but  unfortunately  colored  maps  can  not  always  be  had,  and  it  becomes 
necessary  to  represent  a  considerable  number  of  features  in  black  and  white.  Symbols 
which  can  be  readily  and  quickly  made  are  also  a  great  convenience  in  note  keeping  in  the 
field  and  result  in  much  saving  of  time. 

The  number  of  symbols  devised  should  be  suflBcient  for  the  representation  of  all  features 
which  it  is  desirable  to  show.  If  wholly  arbitrary  devices  arc  used,  confusion  will  result 
whenever  a  considerable  number  are  used  simultaneously,  but  this  difficulty  will  be  largely 
avoided  if  the  system  adopted  is  based  on  a  few  suggestive  forms  grouped  according  to 
easily  remembered  principles.  Unnecessary  duplication  should  of  course  be  avoided , 
although  even  a  multiplicity  of  symbols  leads  to  less  confusion  than  the  attempt  to  iise  a 
single  device  to  represent  several  different  things. 

The  older  generalized  maps,  such  as  the  early  topographic  sheets  of  this  country,  have 
given  place  to  maps  in  which  the  features  arc  shown  in  great  detail,  yet  not  only  are  the 
maps  not  crowded  and  confusing,  but  their  usefulness  has  been  increased  many  fold.  It 
is  believed  that  the  use  of  any  necessary  number  of  symbols  will  likewise  add  to  the  useful- 
ness of  underground-water  maps.  The  system  should  in  fact  be  as  nearly  complete  as  is 
practicable,  for  although  the  use  of  many  symbols  on  a  single  map  might  be  objectionable, 
in  reality  only  a  few  would,  in  most  cases,  be  used  at  one  time. 

The  principles  to  be  considered  in  devising  a  system  of  well  and  spring  symbols  for 
underground-water  maps  are  (1)  simplicity,  (2)  clearness,  (3)  ease  of  making,  and  (4)  sug- 
gestiveness.  Failure  to  answer  these  various  requirements  ruled  out  many  of  the  arbi- 
trary systems  used  in  the  past,  although  several  of  the  old  symbols  have  been  utilized  in 
the  new  system  proposed. 

SYMBOLS. 

It  is  believed  that  a  system  of  symbols  can  be  most  logically  developed  if  a  single  arbi- 
trary device  is  taken  as  a  base.  In  common  practice  a  cu-cle  is  most  often  used  for  a  well, 
while  more  or  less  closely  allied  devices  are  used  for  springs.  Inasmuch  as  both  wells  and 
springs  are  ordinarily  approximately  circular,  this  device,  which  seems  to  have  both  the 
required  simplicity  and  suggestiveness,  is  proposed. 
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WELL  SYMBOLS. 

Base  gymhci. — The  cross  section  of  all  but  a  few  shallow  open  wells  being  circular,  the 
unoaodified  circle  is  proposed  as  a  base  symbol  to  indicate  all  wells. 

Successful  and  unsuccessful  wells. — The  most  significant  feature  of  a  well  from  the  economic 
and  practical  standpoints  is  its  success  or  failure,  and  provision  for  its  representation  has 
to  be  made  at  the  very  start.  It  is  thought  that  a  successful  well — a  "full"  well  in  many 
instances — can  be  best  shown  by  a  filled  circle,  or  rather  a  circular  dot,  while  an  empty  or 
unsuccessful  well  can  be  best  shown  by  a  simple  circle. 

Nonmineral  and  miTieral  weUs. — Next  to  obtaining  water  its  quality  is  most  important 
and  it  becomes  necessary  to  devise  a  symbol  for  indicating  the  mineral  property.  If  an 
ordinary  nonmineral  well  is  represented  by  a  circle,  a  mineral  well,  or  one  in  which  the 
water  includes  mineral  matter  in  solution,  may  well  be  represented  by  a  circle  inclosing  a 
dot. 

Hydrostatic  pressure  in  weJh. — Next  to  quantity  and  quality  the  problem  of  whether  or 
not  the  waters  will  rise  is  of  the  greatest  importance,  and  a  further  symbol  for  distinguish- 
ing the  wells  simply  sunk  to  the  water  table  and  in  which  the  water  does  not  rise  from  those 
sunk  to  confined  or  artesian  waters  becomes  necessary.  It  is  thought  that  a  vertical  line 
can  be  best  used  to  designate  the  vertical  rise  of  the  water.  Such  a  line,  to  be  superimposed 
on  any  of  the  other  well  symbols,  is  therefore  recommended. 

Flowing  xoeUs. — The  wells  in  which  the  waters  rise  are  still  further  subdivided  into  those 
which  fail  to  reach  the  surface  and  those  which  flow.  For  the  latter  the  plus  sign  has 
often  been  used  and  is  proposed  in  the  present  instance.  It  is  to  be  superimposed  on 
other  well  symbols  as  in  the  case  of  the  vertical  line. 

WeUs  from  different  horizons. — In  many  areas  all  of  the  successful  wells  do  not  draw 
from  the  same  horizon,  in  some  instances  as  many  as  four  or  five  different  water-bearing 
beds  being  utilized.  As  no  limit  can  be  put  to  the  number  of  horizons  which  it  may  be 
necessary  to  indicate,  and  as  the  horizons  do  not  necessarily  have  any  relation  to  the 
character  of  the  well  it  has  not  seemed  desirable  to  devise  symbols  for  their  representation. 
Instead  it  is  recommended  that  the  horizon  of  the  supply  be  indicated  by  letters  placed 
to  the  left  of  the  well  symbol,  the  space  to  the  right  being  left  for  the  insertion  of  figures 
giving  the  depth,  height  of  water,  elevation,  etc. 

SPRING   SYMBOLS. 

Base  symbol. — As  a  base  s3anbol  for  springs  a  circle  with  a  short  irregular  line,  indicative 
of  a  stream,  leading  away  from  the  circumference,  is  considered  as  most  in  harmony  with 
common  usage,  especially  in  topographic  maps.  All  springs  yield  water,  so  there  is  no 
demand  for  distinguishing  springs  as  in  the  case  of  successful  and  unsuccessful  wells. 

Mineral  and  nonmineral  springs. — The  presence  of  mineral  matter  in  the  water  may  be 
indicated  by  a  dot  placed  in  the  center  of  the  circle  as  in  the  case  of  the  wells. 

Superficial  and  artesian  springs. — In  some  springs  the  water  is  unconfined,  the  flows 
taking  place  where  the  surface  of  the  water  table  is  cut  by  a  depression.  The  movement 
of  the  water  in  such  instances  is  almost  entirely  downward,  and  the  springs  are  frequently 
spoken  of  as  superficial  or  gravity  springs,  since  the  water  has  not  been  to  any  distance 
below  ^he  water  table  and  emerges  under  the  direct  action  of  gravity.  The  water  of  such 
springs  will  not  rise  if  confined.  In  artesian  springs,  on  the  other  hand,  the  water  comes 
from  below  and  rises  under  the  influence  of  hydrostatic  pressure,  and  when  confined  will 
sometimes  rise  to  considerable  heights  above  the  spring  mouth.  In  such  instances  it  is 
recommended  that,  as  in  the  case  of  the  wells,  the  hydrostatic  principle  be  represented  by 
a  vertical  line  superimposed  on  the  base  symbol,  but  not  extending  beyond  the  circumfer- 
ence of  the  circle.  Flows  do  not  need  to  be  represented,  since  all  springs  possess  this 
property. 

Thermal  property. — Springs  may  be  further  divided  into  cold  or  warm,  but  only  one 
symbol,  that  for  the  thermal  property,  is  required.     For  this  a  horizontal  bar  is  proposed 
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as  the  simplest  device  which  can  be  superimposed  on  all  others.  It  is  intended  that  this 
bar  shall  not  extend  beyond  the  circumference  of  the  circle  so  that  there  may  be  no  con- 
fusion with  the  device  indicating  flowing  wells. 

SUMMARY. 

Base  or  primary  symbols. — As  primary  s3rmbols  the  following  devices  are  proposed: 

O  =well. 

9  =  spring. 

Secondary  symbols. — ^The  secondary  symbols  to  be  superimposed  on  the  primary  symbols 
are  six  in  number: 
^  •  =  water  (for  wells  only). 

•    =  mineral  property. 

I     z=  waters  which  rise. 

*-J^  =  waters  which  flow  (for  wells  only). 
•-    =  thermal  waters  (for  springs  only). 

Applieatum. — The  use  of  the  various  devices  is  illustrated  below.  The  arrangement 
is  not  intended  as  a  classification  of  wells  and  springs,  but  is  simply  for  convenience  in 
showing  the  use  of  the  symbols. 


Wells. 


Successful . 


Nonmineral. . 


Mineral. 


fRise... 


^No  rise. 


C  Flowing. 


iNonflowing. 


j  iNonflowing. . 


^No  rise. 


© 


Springs 


Nonmineral 


Unsuccessful O 

Artesian J  •^^ 

I  Warm © 

Gravity Cold p 

fCold (T. 

I  Artesian I  iP 

I  Warm 0 
( 


iGravity Cold. 
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OCCURRENCE  OF  WATER  IN  CRYSTALLINE  ROCKS. 


By  E.  E.  Ellis. 


INTRODUCTION. 

liile  the  laws  governing  the  occurrence  of  ground  water  in  unconsolidated  materials 
in  porous  sedimentary  formations  are  now  generally  understood,  little  has  been  writ- 
concerning  the  sources  of  supply  for  wells  in  the  so-called  crystalline  rocks.  For  this 
on,  when  an  opportunity  was  presented  in  connection  with  an  investigation  of  the 
eiground  waters  of  Connecticut,  special  attention  was  given  to  the  occurrence  of  water 
jch  rocks. 

he  term  "crystalline"  is  applied  to  rocks  whose  component  grains  have  crystallized 

their  present  relative  positions;  contrasted  with  them  are  the  sedimentary  types, 

:h  are  laid  down  under  water  and  which  generally  consist  of  fragments  of  older  rocks 

hanically  arranged.     Under  the  head  of  crystalline  rocks  two  main  types  may  be  dis- 

uished — ligneous  rocks,  such  as  granite,  diabase,  gabbro,  granodiorite,  etc.,  which  were 

»  in  a  molten  condition,  and  crystallized  and  consolidated  on  cooling;  and  metamor- 

rocks,  such  as  schists  and  gneisses,  which  were  originally  either  sedimentary  or  igne- 

but  have  been  altered  by  metamorphic  processes  to  their  present  form.    The  Con- 

icut  limestones,  or  marbles,  are  classed  with  the  crystalline  rocks. 

,  is  the  purpose  of  the  present  paper  to  call  attention  to  some  of  the  features  of  special 

lomic  interest,  with  the  hope  that  they  may  be  of  value  to  those  seeking  for  information 

0  the  probabilities  of  success  in  drilling  in  similar  regions  elsewhere  in  New  England 
Jong  the  Piedmont  Plateau  to  the  south.  AH  discussion  of  the  literature  of  the  sub- 
and,  so  far  as  practicable,  all  local  references  are  omitted,  being  reserved  for  the  special 
iled  report  on  the  occurrence  of  water  in  the  crystalline  rocks  of  Connecticut. 

ROCK  TYPES. 

CRT8TAL.LINE  ROCKS. 

he  principal  types  of  crystalline  rocks  dealt  with  are  granite,  gneiss,  and  schist,  although 
e  diabase  and  limestone  areas  were  studied.  The  granites,  although  of  many  varie- 
,  are  mainly  of  the  ordinary  somewhat  coarsely  crystalline  types,  consisting  mainly  of 
rtz,  feldspar,  and  mica.  The  gneiss  is  more  variable,  but  may  be  distinguished  by 
driller  from  the  granite  by  its  banded  appearance.  The  granodiorite  resembles  ordi- 
f  granite,  but  is  darker,  frequently  being  known  as  black  granite. 

1  the  schists  the  banding  is  more  highly  developed,  mica  is  present  in  large  amounts, 
there  is  a  decided  tendency  to  cleave  into  more  or  less  flat  fragments.    Some  of  the 

8t8,  in  which  little  mica  is  present,  much  resemble  slate.    Pegmatite,  usually  called 
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"feldq>ar"  by  the  quarrymen  and  driUero,  occurs  as  dikes  or  more  irregular  masses  cut- 
ting the  older  rocks,  and  is  usually  recognized  by  its  large  crystals  and  white  or  li^t  color. 
Diabase,  or  trap  rock,  may  be  distinguished  by  the  driller  from  its  crystalline  character 


Fio.  3.— Geologic  sketch  map  of  Connecticut.    The  present  paper  deals  with  the  crystalline  and  lime- 
stone areas. 

and  dark  greenish-black  color.    The  distribution  of  the  crystalline  rocks  and  limestones 

are  shown  in  fig.  3. 

DRIFT. 

In  the  region  under  investigation  the  rocks  are  in  large  measure  covered  with  deposits 
left  by  the  ic«  sheet  which  once  occupied  the  region,  part  consisting  of  a  heterogeneous 
mixture  of  bowlders,  sand,  and  clay  known  as  hardpan  or  till,  and  part  of  stratified  sand, 
gravel,  and  clay.  The  till  is  seen  largely  on  the  hills,  averaging  about  15  feet  in  thickness, 
while  the  stratified  drift  occurs  mainly  in  the  valleys,  where  it  has  an  average  thickness 
of  about  36  feet.  In  general,  therefore,  the  hills  have  a  configuration  corresponding  rather 
closely  to  the  underlying  rock  surface,  the  minor  irregularities  of  which  are  masked  by  the 
overlying  drift.  On  the  other  hand,  the  valley  bottoms  are  flat  and  would  show  a  decid- 
edly different  topography  if  the  sand  and  gravel  deposits  were  removed. 

DRILLING  PRODUCTS. 

The  marked  characteristics  of  these  rocks  give  equally  characteristic  products  in  drill- 
ing. In  many  cases  fragments  will  be  yielded  by  the  drill  which  are  large  enough  to 
show  the  general  texture;  in  others  the  drillings  will  all  be  in  the  form  of  finely  broken 
fragments.  In  general  the  granite  drillings  yield  an  even-grained  product,  with  a  large 
proportion  of  the  white  or  pink  minerals,  quartz  and  feldspar,  and  maintain  the  same 
character  and  color  of  material  for  a  number  of  feet.  Gneiss  gives  a  somewhat  similar 
product,  but  will  usually  have  a  larger  proportion  of  biotite,  or  black  mica,  and  the  char- 
acter of  the  drillings  will  change  rapidly,  usually  every  few  inches.  Schist  is  generally 
softer  and  more  readily  drilled  than  either  of  the  preceding  types  and  the  drillings  contain 
a  con^icuous  amount  of  mica,  which  occurs  in  larger  particles  than  the  other  minerals. 
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illings  maintain  a  fairjy  uniform  appearance,  as  in  granite.  Phyllite  is  usuaUy  a 
>ck  to  drill,  owing  to  its  fineness  of  grain  and  the  frequent  nearly  vertical  position 
cleavage.  Trap  rock  is  considered  the  most  difficult  rock  to  drill,  because  of  its 
ss,  and  is  readily  distinguished.  Limestone  drillings  are  ordinarily  white,  and  may 
ed  by  adding  acid  or  strong  vinegar,  which  will  produce  an  effervescence,  owing 
escape  of  carbon-dioxide  gas. 

WATER  IN  CRYSTALLINE  ROCKS. 

OCCURRENCE    IN   PORES. 

occurrence  of  water  in  crystalline  rocks  is  very  different  from  that  in  sedimentary 
largely  owing  to  the  great  difference  in  porosity.  The  sedimentary  deposits,  which 
de  up  of  fragments  of  older  materials  generally  cemented  into  new  rock,  are  com- 
veiy  porous  and  often  absorb  several  per  cent  of  their  volume  in  water.  (See  table 
L.  Fuller,  p.  61 )  Porosities  of  sandstone  average  about  15  per  cent,  shales  about 
jent,  and  limestone  5  per  cent.  In  granites  and  other  crystalline  rocks,  however, 
sorption  is  usually  less  than  half  of  1  per  cent  of  the  volume.  The  limestones  here 
ed  have  about  the  same  porosity.  In  such  rocks  the  water  moves  through  the 
o  slowly  that  it  can  never  escape  fast  enough  to  be  of  value  in  wells.  Fortunately 
re  in  the  crystalline  rocks  many  large  passages,  some  of  which  are  described  below. 

OCCURRENCE  IN  JOINTS. 

:.s  are  the  more  or  less  extensive  and  generally  smooth  and  straight  planes  cutting 
k  in  various  directions,  and  are  the  result  of  fracturing  forces  which  have  split  it 
ocks  of  different  shapes  and  sizes,  although  usually  without  any  appreciable  sepa- 
or  movement  of  the  rocks. 

TYPES  OF  JOINTS. 

leal  joints. — The  most  common  type  of  joint  is  that  having  an  approximately  ver- 
osition  (7()°-90°),  but  joints  with  many  other  inclinations  occur.  In  the  region 
^t«d  the  character  of  the  joints  is  as  follows: 

Indination  of  joinUf  in  Connecticut  rocks. 


I    Number 
Incliimtion.  ,  of  localities 


ob8er\'ed. 


r 

.  I. 
I 

40 

I  17 

an) ■ I  75 

..: '        14 

IQo '  4 


joints  are  mostly  straight,  but  a  few  that  were  curved  or  showed  other  irregulari- 
're  observed. 

12971^  joints.— In  many  of  the  rocks  there  is  another  class  of  joints  which  are  very 
nt  from  the  vertical  typo,  l)oth  in  their  degree  of  inclination  and  in  their  general 
.  These  occupy  an  approximately  level  position,  rarely  more  than  20°  from  the 
Dtal,  and  usually  much  less  than  this.  In  general  this  joint  structure  follows  the 
i  configuration  of  the  rock,  but  occasionally  is  found  to  pit<*h  at  a  low  angle  in  a 
on  opposite  to  the  slope  of  the  hillside. 

ility  and  schisUmiy  opening!^. — The  porosity  of  schist,  while  probably  greater  than 
f  alati),  is  too  small  to  admit  artesian  circulation  through  the  pores.  In  the  crum- 
:hi8t8  there  appear  to  be  openintjs  Ix^twc^n  the  laminte,  but  they  probably  do  not 
sufficient  rapid  circulation  for  well  supplies.     It  is  upon  the  more  or  less  pronounced 
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fracture  planes  parallel  to  the  schistosity,  especially  those  near  the  surface,  that  the  weUs 
depend. 

Faults. — Faults  may  be  considered  as  extreme  types  of  joints  in  which  there  has  been 
movement  of  one  wall  of  the  joint  plane  past  the  other.  The  work  of  Hobbs,  Davis,  and 
others  has  shown  that  there  has  been  a  considerable  amount  of  faulting  in  Connecticut, 
while  it  is  not  uncommon  to  find  strongly  marked  shear  zones,  indicating  slipping  in  the 
crystalline  rocks.  They  are  comparatively  rare  phenomena,  however,  and  are  seldom 
encountered  in  well  drilling,  and  accordingly  will  be  treated  simply  as  special  cases  of  joint- 
ing. They  are  possibly  important  as  sources  for  springs,  although  it  is  extremely  difficult 
and  generaUy  impossible  to  ascribe  any  particular  spring  to  a  fault  plane. 

SPACING  AND  OONTINUITY   OP  JOINTS. 

Vertical  joints. — The  vertical  joints,  which  are  the  important  water  carriers,  have  no 
regularity  of  spacing  even  for  the  same  rock.  From  a  large  number  of  observations  it 
appears  that  at  the  places  where  jointing  is  well  developed  the  spacing  of  all  joints  is  com- 
monly between  3  feet  and  7  feet  to  a  depth  of  50  feet,  the  average  spacing,  however,  between 
vertical  joints  of  the  same  series  for  the  crystalline  rocks,  excluding  trap  and  limestone,  is 
more  than  10  feet  for  this  depth,  while  the  study  of  well  records  indicates  that  this  is  not  far 
from  the  average  spacing  for  all  joints  to  a  depth  of  100  feet. 

Although  there  are  many  exceptions,  joints  of  this  type  are  generally  continuous  for  con- 
siderable distances  both  along  the  line  of  outcrop  and  that  of  dip.  Faults,  however,  have  the 
greatest  continuity  and  frequently  extend  for  several  miles  across  the  country,  occasionally 
for  tens  of  miles.  The  sheeted  zones  of  close  jointing  are  probably  nearly  as  continuous  as 
faults,  and  their  dimensions  should  be  measured  in  hundreds  of  feet.  Where  there  is  a  well- 
defined  parallel  joint  series  the  prominent  joints  may  extend  several  hundred  feet,  while  the 
minor  intersecting  joints  will  be  much  shorter. 

Horizontal  joints. — There  is  much  greater  regularity  of  spacing  in  the  horizontal  joints 
than  in  the  vertical  joints.  They  are  apparently  surface  phenomena  and  diminish  in  num- 
ber rapidly  with  depth,  and  it  is  probable  that  they  do  not  exist  as  fractures  at  200  feet  below 
the  surface.  In  the  first  20  feet  below  the  surface  these  horizontal  joints  average  1  foot  apart, 
in  the  next  30  feet  they  average  between  4  and  7  feet,  and  in  the  next  50  feet  they  are  much 
more  widely  spaced,  running  from  6  to  30  feet  or  more  apart. 

The  continuity  of  individual  horizontal  joints  rarely  exceeds  150  feet,  but  owing  to  their 
intersection  of  each  other  a  continuous  opening  might  be  formed  of  several  hundred  feet 
which  would  be  in  the  form  of  a  curved  sheet  approximately  parallel  to  the  hill  slope,  each 
lower  sheet  having  less  curvature  than  the  other.  They  are  probably  better  developed  on 
the  hills  than  in  the  valleys,  as  the  pitch  of  the  joints  is  usually  less  than  the  slope  of  the 
surface,  which  consequently  cuts  across  the  joints;  and  as  they  are  wider  spaced  with  depth 
the  horizontal  joints  which  cross  the  valleys  will  be  widely  spaced. 


Not  only  do  joints  become  tighter  with  depth,  but  they  are  farther  apart.  The  applica- 
tion of  this  principle  in  the  drilling  of  wells  is  of  the  utmost  importance,  as  H  is  frequently 
asserted  that  water  can  always  be  obtained  by  going  deep  enough,  whereas,  in  fact,  the 
deeper  the  well  the  less  the  chance  of  striking  fractures,  which  are  the  only  passages  permit- 
ting  water  transmission  in  crystalline  rocks.  It  is  further  evident  that,  owing  to  the  closing 
of  joints  with  depth,  there  will  be  a  much  greater  circulation  in  the  upper  half  than  in  the 
lower  half  of  any  individual  joint. 

Tho  number  of  fractures  supplying  water  varies  greatly  in  different  wells.  In  some 
cases  the  greater  part  of  the  water  appears  to  come  from  a  single  opening,  while  in  others  the 
water  comes  in  slowly  from  a  large  number  of  openings.  In  the  average  well  there  are  from 
one  to  four  horizons  from  which  the  principal  supplies  of  water  come,  although  the  yield  from 
one  of  them  is  usually  greater  than  from  all  the  others  together.    This  is  particularly  true  of 
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he  deeper  wells  (from  200  to  300  feet),  in  which  the  principal  source  is  usually  .very  close  to 
lie  bottom  of  the  weU. 

If  an  average  inclination  of  70^  from  the  horizontal  and  an  average  spacing  of  10  feet  be 
lasumed  for  the  vertical  joints  for  the  upper  200  feet  of  rock,  each  well  200  feet  in  depth  will 
nteisect  seven  joints.  This  is  probably  not  far  from  the  average  for  all  the  wells,  the  small 
ind  discontinouus  fractures  near  the  surface  being  neglected.  Below  200  feet  the  average 
number  of  joints  intersected  would  be  somewhat  decreased  for  the  next  100  feet,  and 
greatly  decreased  at  depths  greater  than  300  feet. 

INTEBSECrnON   OF  JOINTS. 

The  intersection  of  joints  with  one  another  is  very  important  in  determining  the  nature  of 
the  underground  circulation.  While  all  joints  intersect,  the  circulation  is  greatest  where 
the  joints  of  the  principal  systems  meet  and  where,  in  addition  to  the  vertical  joints,  hori- 
zontal fractures  occur. 

WIDTH  OP  OPENINGS. 

,  At  the  immediate  surface,  joints  often  have  an  opening  of  one-half  inch  to  2  inches  and 
occasionally  much  greater.  This  wide  opening  is  due  to  various  weathering  and  mechanical 
agencies,  which  act  only  near  the  surface,  and  consequently  is  not  found  at  depths  below 
which  these  agents  act.  In  an  artificial  cut,  such  as  a  quarry  wall,  joints  which  may  be 
open  one-half  inch  at  the  surface  are  often  found  to  be  too  tight  to  admit  a  knife  blade  at  25 
feet  below  the  surface. 

While  the  joints  at  30  feet  below  the  surface  may  have  only  one-twentieth  the  opening 
that  they  have  at  the  surface,  the  same  proportionate  tightening  will  not  continue  at  lower 
depths,  althou^  it  is  certain  that  the  greater  the  depths  the  greater  must  be  the  tendency 
of  joints  to  close,  owing  to  increased  pressure  and  the  smaller  opportunity  for  lateral  expan- 
sion below  the  level  of  minor  topographic  relief. 

QUALJTT  OF  THE  WATER. 

The  waters  of  the  crystalUne  rocks  are  variable  in  mineral  composition,  but  in  most 
instances  are  relatively  soft,  the  carbonates  or  sulphates  of  calcium  or  magnesium  being 
present  only  in  small  amounts.  They  are  practically  always  safe  for  domestic  purposes  and 
give  little  trouble  in  boilers.  Some  wells  on  islands  or  very  near  the  coast  on  the  mainland 
yield  brackish  water. 

WELLS. 

VARIABILITY  OF  CONDITIONS. 

In  crystalline  rocks  it  is  impossible  to  foretell  the  conditions  that  will  be  encountered  in  a 
well,  since  these  often  depend  on  the  occurrence  of  joints  of  which  there  may  be  no  indica- 
tion at  the  surface.  One  well  may  be  entirely  different  in  both  the  quantity  and  quahty  of 
its  waters  from  another  only  a  few  feet  away.  It  is  not  therefore  advisable  for  a  driller  to 
guarantee  water  unless  an  additional  charge  is  made  to  insure  him  against  risk  of  failure. 

Among  237  wells  of  wbich  information  was  secured  only  3,  or  1}  per  cent,  failed  to  get 
water,  and  although  there  is  a  general  reluctance  to  give  information  in  regard  to  such  weUs, 
the  probabilities  of  failure  are  probably  not  more  than  one  in  twenty.  It  should  be  remem- 
bered, however,  that  this  applies  only  to  domestic  wells,  and  that  the  chance  of  failure  when 
large  supplies  for  manufacturing  or  similar  purposes  are  demanded  is  considerably  greater. 
It  is  probable,  however,  that  90  per  cent  of  the  wells  sunk  have  obtained  supplies  sufficient 
for  the  use  required. 

FLOWING  WELLS. 

Althou^  wells  in  which  the  water  rises  above  the  rock  surface  are  common,  very  few 
instances  where  it  reaches  the  surface  of  the  overlying  drift  are  known.  Only  six  yielding 
permanent  flows  have  been  reported,  although  a  number  of  others  flowed  for  a  few  minutes 
when  iBxBt  dxiDed.    All  of  the  flowing  weUs  are  located  on  slopes  with  considerably  higher 
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elevations  near  by,  and  are  generally  found  only  where  there  is  a  considerable  thickness  of 
drift  resting  on  the  rock  surface  and  serving  to  confine  the  water  in  the  rock. 

The  flows  are  ordinarily  of  no  especial  value  if  the  water  is  to  be  utilized  at  the  well,  as 
the  rise  above  the  surface  is  very  slight.  In  some  instances,  however,  when  the  welb  are 
on  hillsides,  the  water  can  be  piped  to  a  point  lower  down,  giving  a  continuous  flow  with- 
out pumping.  Flows  can  occasionally  be  obtained  by  the  use  of  siphons  when  the  water 
is  within  30  feet  of  the  surface  and  the  point  where  the  water  is  used  is  more  than  30  feet 
below  the  mouth  of  the  n^ell. 

WATER  .<»UPPL.Y. 

GENERAL   STATEMENT. 

The  yield  of  a  well  depends  on  its  depth,  its  topographic  location,  and  the  nature  of  the 
rock  in  which  it  is  made. 

As  previously  stated,  only  3  out  of  the  237  wells  reported  were  completely  dry.  Only  17, 
or  12}  per  cent,  furnished  less  than  2  gallons  a  minute.  About  15  gallons  a  minute  is  the  aver- 
age yield,  although  some  yield  over  30  gallons  a  minute  on  continuous  pumping.  They  are 
remarkably  constant,  showing  little  variation  in  yield,  either  annually  or  through  a  period 
of  years.  Soiiie  have  shown  increased  and  others  decreased  yields,  but  generally  the  change 
is  inappreciable.  Tlie  level  to  which  the  water  rises  is  nearly  as  unchangeable  as  the  yield, 
usually  being  Httle  if  at  all  affected  by  dry  seasons.  Generally  the  water  regains  its  origi- 
nal level  very  quickly  after  pumping  has  ceased,  although  in  some  wells  it  returns  very 
gradually. 

Some  details  are  given  in  the  following  table: 

Yield  in  gallons  per  minute  at  various  depths  (beneath  surface  coi^ng)  in  various  types  e^f 

rock. 


Depth    below 

No. 

of 

wells. 

2 

tiist. 
Yield. 
3.2 

Ora 

NO. 

of 

wells. 

9 
5 
2 
8 
5 

mite. 
Yield. 

7 

6.7 

9.8 
20.5 
14.4 
13 
If) 

0 

0 



On 

No. 

of 

wells. 

1 

13 
14 

7 

I 

«> 

I 

2 

Pis.i. 

Yield. 

1.0 
11.9 

Grano- 
diorite. 

No. 

of    1  Yield, 
wells. 

Quart  zite 
schist. 

No.  1 

of    1  Yield, 
wells. 

TO 
wells. 

tal. 

surface  cov- 
ering (feet). 

Yield. 

0-30 

4I 
22  ; 

23.1 
14  1 
17  1 

9 1 
4, 
2 ' 
3 

3.6 

30-50     

i 

9.73 

.50-  70 

1        * 
3 

1        ^ 
2 

9.5 
21.6 
22.1 

8.5 

12.4 
7.6 
5. 5 
8.3 

33.0 

22.0 

50 

14 

11.3 

70-90 

90-110 

; 

3 

1 

8.0 

0 
46 
12.7 

2 

'1 

6.0 

12.4 
16.2 

110-200 

20.2 

200-300 

■1 

0 

16.7 

300-400 

1 

11.5 

400  500  

■ 

26 

500-650 



l' 

1 

2 

5.2 

There  is,  in  general,  a  slight  increase  in  the  yield  of  water  with  increased  depth  from  15 
feet  down  to  200  feet,  beyond  which  the  chances  decrease,  wells  over  400  feet  l>eing  in 
many  rases  faihires.  The  results  of  olwervations  on  the  latter  class  are  summarized  in 
the  following  tabk^s: 
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Yield  of  wells  over  J^OOfeei  deep. 


Location. 


Depth. 


Valleys . 


Hin«. 


Slopes. 
Island. 


Feet. 
583 
090 
503 
425 
850 
548 
420 
485 
610 
645 
1,465 


Yield  per 
minute. 


QdU». 

25 
10 
26 
50 
40 
Small. 
2 
Dry. 
12 
4 


a  Salty. 

Tbe  average  depth  in  rock  of  163  wells  is  88.8  feet  and  the  average  total  depth,  including 
the  surface  material  overlying  the  rock,  is  108.4  feet.  Ninety  per  cent  of  the  welb  are 
leas  than  300  feet  in  depth  and  82  per  c«nt  less  than  200  feet  in  depth.  In  many  of  the 
wells  which  have  gone  below  250  feet  the  main  and  in  several  cases  the  entire  supply  has 
come  from  seams  at  less  than  250  feet  in  depth.  From  a  study  of  the  recorded  wells  it 
would  appear,  therefore,  that  if  a  well  has  penetrated  250  feet  of  rock  without  success  the 
best  policy  is  to  abandon  the  place  and  sink  in  another  location.  In  the  case  of  wells  in 
P&nodiorite  which  have  been  successful  at  an  average  greater  depth  than  in  other  rocks 
this  depth  might  be  somewhat  too  small,  while  in  other  rocks  it  is  very  possible  that  a 
niaximum  depth  of  200  feet  should  be  adopted. 

The  following  table  summarizes  the  depths  of  the  wells  under  400  feet  and  the  proportions 
of  each  in  rock  and  drift : 

AVtro^i  depths  of  surface  material  and  of  the  entire  iveU,  exclusive  of  wells  over  JfiO  feet  in 
depth  and  of  wells  known  to  he  dry. 


Position. 


Average 
thick- 
ness of 
drift. 


Average  i  Average    Number 
depth  in  i     total     i       of 
rock.     I    depth,      records. 


"Hie  average  total  depth  of  the  168  wells  is  108.4  feet. 


TOPOGRAPHIC    LOCATION. 


It  has  been  found  that  on  an  average  water  is  encountered  in  the  crystalline  rocks  at  a 
*®  depth  on  the  hills  than  in  the  valleys,  but  this  is  due  largely  to  the  heavier  deposits 
<j' drift  that  must  be  penetrated  before  rock  is  reached  in  the  valleys. 
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Average  depth  from  stuface  to  water  level. 


Position. 


Depth 
to  water. 


Number 

of 
record!. 


HUlji... 
Valleys 
Slopes . 
Plains. 


78 

ao 

44 

30 


The  average  yield  of  the  wells  in  the  valleys  is,  however,  somewhat  greater.  Wells  on 
the  slopes  for  some  reason  have  an  average  yield  of  less  than  one-half  that  of  those  in  either 
of  the  other  locations. 

Average  yield  of  wells  in  various  locations. 


Location. 

Yield 
miiiute. 

Number 

of 
records. 

Valleys 

GqIU. 
24.4 
20.5 
8.7 
18.8 

18 

HUls 

27 

Slopes 

3S 

Plains 

9 

Some  rather  puzzling  features  are  brought  out  by  the  following  table,  showing  the  rela-  - 
tion  of  the  water  level  to  the  level  of  the  rock  surface  (bottom  of  overlying  drift)  in  wells 
in  various  topographic  locations: 

Relation  of  water  level  to  surface  of  rock  {bottom  of  overlying  drift ) . 
POSITION  OF  WATER  LEVEL. 


Material. 


Hills.... 
VaUeys. 
Slopes.. 
Plains.. 
Hills.... 
Valleys. 
Slopes.. 
Plains.. 
Hills.... 
Valleys. 
Slopes.. 
Plams.. 
Hills.... 
Valleys. 
Slopes.. 
Plains.. 


Topographic  loca- 
tion. 


Granite. 


Schist. 


Gneiss. 


Granodiorite . 


Wells 
observed. 


Below 

rock 

surface. 


Above 

rock 

surface. 


Per  cent. 
[       37 

11 

41 
1       50 
[        62.5 
0 

50.0 


Per  cent. 
50 
89 
50 
50 
37.5 
100 
33 


69 

21 

22 

78 

44 

36 

0 

50 

71 

0 

0 

100 

60 

40 

33 

67 

At  rock: 
surface. 


Per  cent  - 

13 

O 

o 
o 
o 

17 


0 
20 
60 

29 
0 
0 
0 


SUMMARY  OF  ALL  WELLS. 


HUls.... 
VaUeys. 
fitopes.. 


42  I 
24 
35  I 


61.9  I 
12.5  I 

48.5 ; 


26.2 
87.5 
40.0  I 


n.9 
ao 

11.5 
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It  is  seen  that  in  nearly  all  valley  wells,  no  matter  in  what  kind  of  rock  they  may  occur, 
the  water  is  under  artesian  pressure  and  rises  above  the  rock  surface.  In  schists,  gneisses, 
and  granodiorites  the  percentage  of  wells  on  hills  and  slopes  in  which  the  water  is  below  the 
rock  surface  is  invariably  and  rather  uniformly  greater  than  those  in  which  the  water 
level  is  above  the  rock  surface,  the  percentage  ranging  from  62  to  70.  In  the  granites,  on 
the  contrary,  exactly  the  opposite  is  true,  the  water  failing  to  reach  the  rock  surface  only 
in  37  per  cent  of  the  wells.  In  other  words,  in  hill  wells  the  granite  waters  rise  to  the  rock 
surface  nearly  twice  as  frequently  as  in  the  case  of  other  rocks. 

The  situation  of  the  wells  with  reference  to  the  sea  is  very  important,  most  x>f  the  wells 
which  fail  to  get  pure  water  being  in  fact  located  along  the  coast  or  tidal  rivers.  Welb 
within  100  feet  of  the  sea  are  always  liable  to  be  spoiled  by  the  entrance  of  salt  water, 
while  there  are  cases  where  the  latter  has  penetrated  to  wells  500  feet  distant.  There  are, 
however,  exceptions  to  this  rule,  some  good  wells  being  obtained  even  close  to  the  water. 
Much  may  depend  on  the  amount  pumped,  as  a  well  which  yields  fresh  water  when  only 
&  little  water  is  used  may  become  salty  if  heavily  pumped.  When  a  choice  of  location  can 
be  bad  a  point  as  high  and  as  far  removed  from  the  sea  as  possible  should  be  selected. 

NATURE  OF   ROCK. 

The  amount  of  water  in  a  well  depends  to  a  considerable  extent  on  the  nature  of  the 
rock  in  which  it  is  made,  largely  because  of  the  greater  frequency  of  joints  in  some  rocks 
than  in  others.  In  general  the  yield  from  wells  in  granite,  gneiss,  and  common  schist  does 
not  vary  greatly  from  13  gallons  a  minute.  In  those  in  granodiorite,  however,  two  and 
one-half  times  as  much  is  obtained,  in  quartzite  schist  only  about  one-half  as  much,  while 
in  the  slaty  rocks  the  supplies  are  very  small.  The  details  are  well  brought  out  by  the 
following  table. 

Yield  of  weU.8  in  various  types  of  rock. 


Material. 


fJ?Viv1rt'Si:I^pt'>'"-^- 


Granite 

Gneiss 

Quartzite  schist 

Schist  other  than  quartzite 

Granodiortte 

Phyilite  (slate) 


No.  of 
rec- 
ords. 


Feet. 


20.6 
16.3 
32.5 
13.7 
24.1 
14.4 


No.  of 
rec- 
ords. 


Feet. 


102  5 
112  6 
411  0 

96 
138.5 

80  2 


Total  depth. 


No.  of 
rec- 
ords. 


Feet. 


122.5 
131.4 
443.5 
109.7 
156.6 
93.8 


Yield. 


No.  of 
rec- 
ords. 


Gallons 

per 
minute. 


13 

12.3 
7  25 
13.9 
33 
Very  poor. 


The  drift  plays  a  very  important  part  in  the  occurrence  of  water  in  the  crystalline  rocks. 
When  dnft  is  absent  over  the  catchment  area  the  rain  runs  rapidly  ofT  the  surface  of  the 
smooth «  bare  rock  and  little  is  absorbed,  but  when  there  is  a  considerable  thickness  of  dnft 
large  amounts  of  water  are  absorbed  by  its  porous  materials  and  are  legularly  and  con- 
tinuously supplied  to  the  underlying  crystalline  rocks  through  their  joints.  The  importance 
of  a  drift  mantle  in  affording  conditions  favorable  to  flows  at  the  well  sites  has  already 
been  mentioned.  It  Ls  apparent,  then,  that  in  gcDcial  water  will  both  be  more  abundant 
and  rise  to  a  higher  level  when  the  crystalline  rocks  in  the  cdt^*hiiicnt  areas  and  at  the  wells 
are  covered  with  dnft  than  when  they  are  b&tv.  This  is  especially  true  when  the  drift 
occupies  basinlike  depressions  in  the  rock  surface. 
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COST  OF  WEL.L«.« 

The  cost  of  wells  is  very  variable,  depending  on  the  diameter  of  the  hole,  whether  the  well 
is  sunk  by  the  day  or  by  the  foot,  and  whether  or  not  a  supply  is  guaranteed.  Two-incli 
wells  are  the  most  common,  and  cost  about  $2  a  foot  for  the  wells  under  ICX)  feet  in  depth, 
$2.50  for  wells  between  100  and  200  feet,  $3  for  wells  between  200  and  300  feet,  and  ^  to 
%i  for  wells  over  300  feet.  The  cost  of  a  well  drilled  by  the  day  will  vary  greatly  accordiDf 
to  the  depth  at  which  water  is  struck,  but  seems  to  average  a  little  higlier  than  by  the  foot 
The  cost  when  water  is  guaranteed  is  probably  slightly  higher  than  under  either  of  the  other 
methods.  For  wells  of  larger  diameter  the  price  is  much  higher.  The  average  cost  of  123 
wells,  averaging  108  feet  in  depth  and  yielding  a  mean  of  12.7  gallons  a  minute,  is  $4.25  per 
foot. 

SUMMARY. 

The  water  of  the  crystalline  rocks  occurs,  so  far  as  it  can  be  secured  by  wells,  wholly 
in  joints,  faults,  or  other  fracture  openings,  the  pores  and  schistosity  planes  being  too  dose 
to  permit  active  circulation.  The  water  seems  to  occur  largely  in  the  vertical  joints  or 
faults,  especially  in  the  sheeted  zones  consisting  of  numerous  crowded  fracture  planes. 
In  Connecticut  a  common  spacing  Wtwcen  the  surface  joints  is  3  to  7  feet,  but  in  some  cases 
they  are  much  farther  apart.  At  depths  of  more  than  50  fet»t  the  space  becomes  greater 
owing  to  the  dying  out  of  subordinate  joints. 

The  spacing  of  the  horizontal  joints  is  rather  regular.  In  the  first  20  feet  below  the  sur- 
face they  average  1  foot  apart,  for  the  next  30  feet  from  4  to  7  feet,  and  in  the  following 
50  feet  they  are  from  6  to  30  feet  or  more  apart. 

The  most  favorable  points  for  water  are  at  the  intersection  of  two  or  more  of  the  joint 
systems,  the  circulation  often  being  concentrated  at  these  points. 

It  is  impossible  to  foretell  the  success  or  yield  of  a  well  in  crystalline  rocks,  but  the  chances 
of  a  moderate  supply  are  at  least  as  good  as  9  in  10.  The  character  of  the  water  obtained 
ia  in  general  excellent,  both  for  domestic  and  manufacturing  purposes,  and  is  usually  soft. 
Hills  and  places  where  the  soil  is  thick  are  the  most  desirable  locations  for  drilled  wells. 
In  general,  it  is  better  to  abandon  a  well  and  seek  a  new  location  if  not  successful  when  a 
depth  of  250  feet  has  been  reached,  as  the  possibilities  of  a  supply  below  this  depth  are  much 
less  than  at  shallower  depths. 

a  Data  mainly  by  M.  L.  Fuller. 


FLOWING-WELL  DISTRICTS  IN  THE  EASTERN  PART  OF 
THE  NORTHERN  PENINSULA  OF  MICHIGAN. 


By  Frank  Leverkit. 


GENERAL  STATEMENT. 

The  flowing  wells  of  the  northern  peninsula  of  Michigan  are  obtained  in  part  .from  the 
Pleistocene  deposits  and  in  part  from  Silurian  and  Cambrian  formations.  The  rocks  dip 
«  southward  toward  the  basins  of  Lakes  Huron  and  Michigan  and  southeastward  toward  the 
Green  Bay  basin  and  the  adjacent  portion  of  the  Lake  Michigan  basin.  In  consequence  of 
this  arrangement  of  the  strata,  water  absorbed  in  the  part  of  the  peninsula  bordering  Lake 
Superior,  which  is  as  a  rule  an  elevated  tract,  passes  toward  the  basins  of  Lakes  Huron  and 
Michigan  and  Green  Bay  under  sufficient  hydrostatic  pressure  to  yield  flows  at  moderate 
elevations  above  the  surfaces  of  these  water  bodies.  Already  flows  have  been  obtained 
along  the  western  side  of  Green  Bay  throughout  its  entire  length,  in  wells  ranging  from  200 
feet  or  less  up  to  about  800  feet  in  depth.  They  hilve  been  obtained  on  Garden  Peninsula, 
lying  between  Big  Bay  de  Noc  (at  the  northern  end  of  Green  Bay)  and  Lake  Michigan. 
They  have  also  been  obtained  along  the  northern  shore  of  Lake  Michigan  at  several  points 
from  Manistique  eastward.  On  the  borders  of  Keweenaw  Peninsula  there  are  also  flowing 
wells  from  the  Cambrian  sandstones,  but  these  are  outside  the  district  covered  by  the  writer. 

Wells  from  the  drift  have  already  been  extensively  developed  in  a  low  district  lying 
north  of  the  "Niagara''  escarpment  in  Chippewa  and  Luce  counties  and  on  the  western 
shore  of  Whitefish  Bay  at  Emerson,  and  there  are  small  areas  in  other  parts  of  the  peninsula 
where  they  are  either  already  obtained  or  may  be  expected  to  be  obtained. 

Very  little  information  could  be  secured  from  drillers  or  well  owners  concerning  the  char- 
acter of  the  rock  formations  which  yield  flows.  In  most  cases  they  report  that  the  flows 
are  obtained  under  a  bed  of  rock,  which  was  hard  to  penetrate  with  the  drill,  and  which 
seems  to  have  served  as  a  cover  to  prevent  the  natural  escape  of  the  water.  In  some  cases, 
as  at  Gladstone  and  other  points  along  the  western  side  of  Green  Bay,  water  is  obtained  at 
more  than  one  horizon,  but  because  of  the  meagerness  of  the  data  the  writer  did  not  attempt 
to  work  out  the  stratigraphy  of  these  water-bearing  beds.  Some  identifications  made  by 
Lane  and  by  Alden  appear  in  the  Annual  Report  of  the  State  Geologist  for  1903. 

The  flowing  wells  obtained  in  the  drift  deposits  usually  penetrate  a  bed  of  clay  and  obtain 
water  in  sand  or  gravel.  In  Chippewa  County  the  clay  is  a  laminated,  nearly  pebblcless 
deposit,  apparently  laid  down  in  the  bed  of  a  great  glacial  lake,  Lake  Algonquin,  which 
covered  this  region  after  the  retreat  of  the  ice.  But  in  Luce  County  the  clay  deposits  are 
in  some  cases  found  to  be  stony,  and  are  probably  of  glacial  rather  than  lake  deposition. 
Beneath  the  clay  deposits  of  Chippewa  County  a  bod  of  sandy  material  full  of  water  gen- 
erally occurs,  but  is  not  a  good  source  for  flowing  wells,  since  it  is  too  fine  grained  to  furnish 
water  rapidly.  It  is  termed  slush  by  the  drillers,  and  it  is  their  custom  to  continue  through 
it  to  a  bed  of  gravel. 

In  the  division  of  the  wells  into  districts  (PI.  I)  there  is  usually  the  probability  that  over 
part  of  the  intervening  territory  the  altitude  is  too  high  to  permit  flows.  But  in  some  cases 
further  exploration  may  develop  wells  between  districts  now  placed  in  separate  groups. 
An  attempt  is  made  to  indicate  possible  extensions  of  the  flowing-well  areas  as  well  as  their 
present  limita.  The  districts  are  taken  in  order  from  east  to  west,  those  in  the  drift  deposits 
bong  first  considered  and  then  those  in  rock. 

IRR  160—06 3  ^ 
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FLOWING-WELL  AREAS. 

FLOWS  FROM  DRIFT. 

KoOAKROV. 

Two  shallow  flowing  wolls  have  been  obtained  in  a  ravine  near  McCarron  post-office 
Chippewa  County,  at  an  altitude  of  about  650  feet  above  tide.  One  at  the  residence  c 
David  McCarron  in  sec.  4,  T.  45  N.,  R.  1  E.,  is  30  feet  in  depth  and  has  a  head  of  about 
feet.  The  water  is  sulphurous  and  has  a  temperature  of  45°  F.  About  one-eighth  mil 
northeast  of  the  McCarron  well,  at  the  residence  of  Samuel  Boyle,  in  sec.  34,  T.  46  N.,  P 
1  E.,  is  a  well  37  feet  deep,  with  similar  head  and  quality  of  water,  and  a  temperature  ( 
44.9°.  The  temperatures  were  taken  August  10,  1905,  when  the  air  temperature  we 
85°  F.     Both  wells  penetrate  a  laminated,  pebbleless,  red  clay  and  enter  a  bed  of  gravel 

DONALDSON. 

A  flowing  well  was  obtained  in  the  autumn  of  1905  at  Donaldson,  by  Robert  McKei 
which  was  reported  by  the  driller,  Judson  Daley,  of  Pickford,  to  be  78  feet  in  depth  and  t 
flow  one-third  gallon  a  minute.  It  is  located  in  a  ravine  about  15  feet  above  a  tributar 
of  Charlotte  River,  at  an  altitude  of  about  650  feet,  and  penetrated  clay  to  the  gravel  bed  t 
its  bottom.     It  lies  in  sec.  31,  T.  46  N.,  R.  IE.,  and  is  used  as  a  public  well. 

KoEYOT. 

This  is  probably  the  oldest  flowing  well  in  Chippewa  County,  having  been  running  fc 
at  least  twenty-five  years.  It  is  located  in  sec.  14,  T.  46  N.,  R.  1  W.,  on  the  Mackinaw 
road  running  from  Sault  Ste.  Marie  to  St.  Ignace.  It  stands  in  a  slough  tributary  to  Chai 
lotte  River,  about  15  feot  below  the  bordering  plain  at  an  altitude  of  700  feet  above  tid< 
It  has  a  depth  of  45  feet  and  a  head  of  about  5  feet  or  less  above  the  surface.  The  wel 
which  is  said  to  have  maintained  its  strength,  yields  over  a  gallon  a  minute. 

FICEFO&D  DISTRICT. 

The  Pickford  flowing-well  district  is  a  narrow  strip  along  Munuscong  River  and  it 
tributaries,  in  the  vicinity  of  the  village  of  Pickford,  most  of  the  wells  being  in  Chippew 
County,  but  a  few  in  Mackinac  County.  Of  the  32  wells  already  developed  26  are  withi 
the  village  limits.  The  outlying  wells,  however,  seem  to  indicate  that  flows  may  be  obtaine 
from  the  junction  of  the  two  forks  of  Munuscong  River  northeast  of  Pickford  for  a  distant 
of  5  or  6  miles  up  the  west  fork  and  2  or  3  miles  up  the  east  fork.  The  water  obtaine 
is  suitable  for  boiler  use,  there  being  only  a  moderate  amount  of  lime  present.  It  has 
little  iron  and  in  some  cases  a  slight  sulphurous  odor.  The  temperature  of  the  watc 
where  not  surface  heated  is  43.5°  to  45°  F.,  but  in  most  cases  the  flow  is  so  weak  that  i 
can  not  overcome  the  efl'ect  of  the  air  on  the  portion  of  the  pipe  above  the  surface,  nor  ( 
the  warm  soil  around  the  upper  portion  of  the  pipe.  The  data  contributed  by  Mr.  Dale 
are  from  careful  records  in  his  notebook.  They  show  an  interesting  variation  in  the  thicl 
ness  of  the  laminated  red  clay  and  the  underlying  sandy  slush,  the  cause  of  which  is  nc 
clearly  understood.  It  is  possible,  however,  that  a  change  to  more  sandy  texture  ma 
set  in  at  50  feet  or  less  in  wells  where  the  driller  has  classified  material  as  red  clay  to  a  dept 
of  over  100  feet.  In  the  table  given  below  several  wells  are  included  which  would  not  flo 
at  the  level  of  the  ground,  but  are  made  to  flow  by  being  piped  into  cellars  or  basii 
below  the  surface. 
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i  district  so  flat  as  that  near  Pickford  it  is  somewhat  difficult  to  determine  by  barom- 
16  slight  differences  in  altitude  of  the  wells.  If  we  may  trust  the  barometric  readings, 
is  a  slight  decrease  in  the  height  to  which  water  will  rise  along  a  liiie  running  south- 
ind  northeast  throu^  this  district,  or  in  the  direction  of  drainage  of  the  west  fork  of 
scong  River.  As  indicated  in  the  table,  the  flow  from  the  westernmost  well  (that  of 
ise)  appears  to  rise  to  an  elevation  15  feet  greater  than  is  reached  by  flows  from  the 
in  Pickford,  while  the  wells  a  mile  east  of  Pickford,  in  the  valley  of  East  Fork,  on  the 
of  William  Bacon  and  J.  Clagg,  have  a  head  several  feet  less  than  that  of  wells  in  the 
e.  The  high  land  lying  a  few  miles  southwest  of  Pickford  seems  likely,  therefore,  to 
9  main  catchment  area  for  this  district.  The  drift  is  loose  textured  in  that  region, 
>mpact  laminated  clay  penetrated  by  the  flowing  wells  not  being  present, 
lumber  of  wells  with  strong  hydrostatic  pressure  have  been  obtained  in  the  vicinity 
kford  on  ground  a  little  higher  than  that  within  the  flowing-well  district,  as  indicated 
)  table  below.    They  are  probably  supplied  from  the  same  catchment  area. 

Wells  near  Pickford  having  head  nearly  at  surface. 
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Clay  to  gTAvet  At  bottom^ 

Larsely  sand,  grt^vel  at 
bottom  Vi  feet. 

Mr.  Bronson  dug  a  w^l 
27  leet.wblcj)  craved  l:n 
ftnd  klMed  bim.  The 
well  was  then  drtv«n 
to  127  feet.  Said  to  be 
malnl}^  sand. 

Claj  to  Kravel  at  hot- 
tom^    Cofitt23. 

Clay  to  gra  vd  at  bottom* 

Do. 

R«d  day  73  feet:  tfatJd 
and  gmvol  18  teet. 

Red  clay  §5  f«et;  gtavd 
to  f««t. 

Near  eant  Munuscong 
RJver.  S  feet  higher 
than  Bafon  Sowing 
wotL  and  )hM)  yards  di^ 
tant.  Clay  to  gravel 
at  bottom. 

WflJJ  ent«TOd  fravd  S 
feet. 

Rod  clay  U5  leet:  gravel 
15  Teet.  8uppLiea  en- 
glnelntthuiIngmiU. 

Mainly  htulah  grajr 
"putty  sand."  iJii 
27^  feai;  driven  3-Lncn 
pipe  below. 


fl  J.  D.  -  Judson  Daley,  driller,  Pickford.    O.  - 
b  Altitudes  are  barometric. 
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EUDTABO-TIBEB  DUTBIOT. 

This  flowing-well  district  is  located  in  the  drainage  basin  of  Pine  River  and  the  extreme 
headwaters  of  the  west  branch  of  Munuscong  River.  It  occupies  about  60  square  miles 
in  Tps.  43, 44,  and  45  N.,  Rs.  2, 3,  and  4  W.  The  Soo  line  Railroad  traverses  it  from  a  poinfc. 
2  miles  northeast  of  Rudyard  westward  to  a  point  2  miles  west  of  Fiber.  At  the  time  of 
the  investigation,  in  the  autumn  of  1905,  there  were  66  flowing  wells.  They  are  obtained 
on  the  general  level  of  the  plain,  and  not,  as  in  the  Pickford  district,  confined  to  the  streanm 
borders.  The  general  elevation  of  the  plain  is  about  690  feet,  or  higher  than  the  head  of^ 
any  of  the  wells  in  the  Pickford  district. 

The  wells  show  greater  head  in  the  northern  and  western  parts  of  the  district  than  in  tlM» 
southern  and  eastern  parts,  thus  indicating  that  the  catchment  area  is  on  the  north  and 
west.  There  is  a  range  of  high  limestone  hills  south  of  the  eastern  portion  of  the  area  which 
apparently  serves  as  the  catchment  area  for  the  Pickford  district  but  not  for  the  Rudyard- 
Fiber  district,  there  being  a  decided  falling  off  in  head  in  passing  southward  toward  this 
limestone  ridge  in  the  latter  district.  There  are  sandy  tracts  on  the  northern  and  western 
borders  of  this  district,  while  an  elevated  limestone  tract  lies  southwest  of  it.  Both  the 
sand  and  the  limestone  are  readily  absorbent,  and  likely  to  be  sources  of  supply  for  the 
flowing-well  district. 

In  the  flowing-well  district  there  is  a  heavy  coating  of  red  laminated  clay  nearly  free  from 
pebbles,  which,  like  that  in  the  Pickford  district,  appears  to  have  been  deposited  in  the 
Glacial  Lake  Algonquin.  This  clay  is  underlain  by  a  sandy  slush,  which  in  turn  rests  upon 
gravel.  Wells  are  usually  driven  through  the  slush,  but  if  screens  are  used  flows  of  consid- 
erable strength  may  be  obtained  in  it.  Without  the  use  of  screens  the  wells  soon  become 
clogged. 

The  water  contains  a  small  amount  of  iron  and  is  moderately  hard,  though  in  most  cases 
suitable  for  boiler  use.     In  a  few  cases  it  is  sulphurous. 

It  will  be  observed  by  reference  to  the  table  that  the  wells  differ  greatly  in  rate  of  flow. 
This  difference  is  in  part  attributable  to  the  texture  of  the  water-bearing  bed,  the  slower 
flow  being  obtained  in  sand  and  the  more  rapid  flow  in  gravel. 

The  temperature  is  about  45°  F.  in  wells  that  are  not  greatly  affected  by  surface  influences. 
In  one  case  a  well  flows  so  slowly  that  the  stream  freezes  in  the  coldest  weather,  and  rises 
about  10°  above  its  normal  temperature  in  the  hottest;  but  in  wells  of  rapid  flow  there 
appears  to  be  only  a  fraction  of  a  degree  variation  in  temperature  in  the  course  oi  the  year. 
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About  2  miles  northeast  of  Rudyard  there  is  a  tract  of  land  whose  altitude  is  715  to  /30 
eet,  c  r  about  30  to  45  feet  above  Rudyard  station.  The  red  clay  is  comparatively  thin 
»n  this  prominent  tract,  and  wells  are  obtained  in  gravelly  sand  at  depths  of  28  to  42  feet, 
[n  three  of  the  wells  on  ground  about  715  feet  above  tide  the  water  stands  only  6  fe<»t 
lelow  the  surface.  One  of  these,  at  the  residence  of  J.  C.  Sass,  will  stand  pumping  2  bai- 
•eis  in  seven  minutes  without  lowering,  though  it  has  only  a  3-inch  pipe.  The  source  of 
(upply  for  these  wells  is  probably  to  the  north  in  the  higher  land,  which  is  loose  textured 
ind  free  from  the  capping  of  red  clay. 

STKOUGVILLE. 

Several  deep  wells  near  Strongville,  2  to  3  miles  south  of  the  eastern  part  of  the  Rudyard- 
Piber  flowing-well  district,  on  ground  10  to  20  feet  lower  than  the  flowing  wells,  have  a 
water  level  .several  feet  below  the  surface,  as  indicated  in  the  table  below.  As  already 
stated,  the  passage  of  underground  water  appears  to  be  from  north  to  south,  and  this  natu- 
rally results  in  the  decrease  of  head  here  displayed. 

WeUs  near  Strongville  (T.  4^  ^.,  /?. ;?  W.)  tmth  strong  hydrostatic  pressure. 


Owner. 

Location. 

Alti- 
tude.a 

Depth. 

Head. 

Remarks. 

• 
L.  R.  Adamson 

fi«'orge  Potts 

Sec.  21 . . 

Sec.  26.. 
Sec.  28.. 

Sec.  22.. 

Feet. 
670 

670 
670 

670 

Feet. 
147 

120 
144 

67 

Feet. 

-12 

-20 
-16 

-20 

Red  clay  130  feet,  black  sandy  slush  15  feet, 
gravel  2  feet.    Strong  well  with  3-inch 
pipe  in  lower  part,  but  dug  4  feet  square 
to  depth  of  37  feet. 

if.  Knauf 

Similar  to   Adamson   well,   but   not   so 

^-  Perry.            

strong. 
Weak  well. 

a  Altitudes  are  barometric. 


EXEBSOir. 


I^ere  are  nine  flowing  wells  at  Emerson,  on  the  shore  of  Whitefish  Bay,  all  on  the  prop- 
'^y  of  the  Cheesbrough  Lumber  Company.  They  range  in  depth  from  116  to  123  feet. 
^  each  well  a  5-inch  hole  was  made  and  cleaned  out,  then  a  l}-inch  pipe  inserted.  The 
^lls  passed  through  17  feet  of  sand  and  then  90  to  95  feet  of  blue  clay  to  sand  at  bottom. 
^e  clay  is  said  to  be  laminated  and  pebbleless  and  is  apparently  a  lacustral  rather  than  a 
^^im\  deposit.  The  rate  of  flow  ranges  from  less  than  a  pint  a  minute  in  the  weakest  to 
t  gallons  a  minute  in  the  strongest  wells.  The  escape  pipes  are  from  fivensixteenths  to 
**""eie-eighths  inch  in  diameter,  and  the  water  will  rise  to  a  height  of  5  or  6  feet  above  the 
'^^1  of  Lake  Superior.  It  carries  a  small  amount  of  iron,  but  appears  to  have  very  little 
^^,  as  is  natural,  in  view  of  the  fact  that  this  well  district  is  north  of  the  limestone  forma- 
'***^.  The  temperature  ranges  from  44°  to  49°  F  in  the  different  wells.  These  wells  are 
iistributed  over  a  space  of  about  half  a  section  and  the  area  of  flows  might  perhaps  be 
'^^nded  2  or  3  miles  along  the  shore  of  the  bay. 

TAEQUAKEKOH  DI8TKI0T. 

^<^currence. — The  Tahquamenon  district  embraces  several  groups  of  flowing  wells  dis- 
tributed along  the  southern  border  of  a  large  swamp  traversed  by  the  east  and  west 
branches  of  Tahquamenon  River  in  western  Chippewa  and  southern  Luce  counties.    Flows 
^^e  been  obtained  at  Strong  and  Eickerman,  and  near  Soo  Junction,  Newberry,  and  Dol- 
Iwvlllej  and  can  probably  be  obtained  along  the  swamp  between  these  stations.    This 
■^'Strict,  like  the  Fickford  and  Rudyard-Fiber  districts,  lies  in  the  lowland  underlain  by 
^  "Lorraine"  (Hudson)  and  "Utica"   formations,    in   a   belt   of  thick   drift.    There 
tt  Do  heavy  and  continuous  deposit  of  laminated  clay  here  as  in  the  other  two  districts : 
OMDtioDed.    Instead  the  wells  often  penetrate  a  large  amount  of  fine  sand  and,  in  aowm]^ 


40  UNDEBGEOUND- WATER   PAPERS,  1906. 

cases,  scarcely  any  clay.  Located,  as  this  district  is,  in  a  trough-like  lowland,  it  seems 
to  afford  favorable  conditions  for  receiving  water  both  from  the  south  and  north.  On  the 
south  is  a  morainic  belt  with  pervious  drift,  largely  of  sandy  gravel,  which  will  readily 
absorb  water  to  supply  the  low  tract  where  the  wells  are  found.  On  the  north  also  is  a 
moraine  of  loose-textured  drift,  under  which  the  rocks  dip  southward  beneath  this  swamp. 
The  altitude  of  the  wells  ranges  from  about  725  feet  at  Dollarville  and  points  farther  east, 
near  Tahquamenon  River,  to  nearly  850  feet  at  Strong.  The  wells  of  high  altitude  are  along 
the  east  branch  of  Tahquamenon  River,  a  stream  that  descends  rapidly  westward,  but 
the  wells  of  low  altitude  are  along  the  west  branch,  a  sluggish  stream  flowing  eastward. 
It  is  probable  that  the  underground  drainage  of  the  east  fork  leads  westward,  conforming 
to  the  slope  of  the  surface,  and  this  may  be  a  leading  cause  for  the  westward  decline  in 
head.  The  head  declines  northward  toward  the  west  fork,  from  the  southern  moraine  a 
distance  of  from  1  to  3  miles,  but  it  can  scarcely  be  expected  to  continue  farther  north, 
in  view  of  the  northward  rise  of  both  the  drift  surface  and  the  underlying  rock  formations. 
The  water  is  of  fair  quality  for  boiler  use,  though  moderately  hard.  It  contains  a  small 
amount  of  iron. 

Strong. — At  Strong,  in  western  Chippewa  County,  are  two  flowing  wells,  one  at  Turner's 
mill  and  one  at  the  boarding  house,  both  driven  in  1899  by.  James  Somerville.  The  alti- 
tude of  the  mill  well  is  about  840  feet  and  that  of  the  boarding-house  well  845  feet.  The 
mill  well  was  driven  to  rock  at  220  feet,  but  the  pipe  was  pulled  back  to  185  feet  because 
of  a  flow  of  water  from  the  sand  bed  at  that  depth.  The  well  passed  through  clay  to  this 
water-bearing  sand.  The  flow  is  only  a  quart  a  minute  from  a  2-inch  pipe  and  the  tem- 
perature is  45.8°  F. 

The  boarding-house  well  is  203  feet  in  depth  and  discharges  about  2  gallons  a  minute  from 
a  2-inch  pipe.  Part  of  the  water  is  piped  to  the  mill.  It  has  a  temperature  of  46°  F. 
After  passing  through  7  feet  of  surface  sand,  the  well  penetrated  168  feet  of  clay  that 
changed  in  color  from  red  to  gray  toward  the  bottom.  Beneath  this  clay  was  10  feet  of 
gravelly  hardpan,  then  16  feet  of  quicksand,  followed  by  a  hard  crust  2  feet  thick,  under 
which  a  flow  of  water  was  struck. 

Eekerman. — At  £k;kerman  three  shallow  flowing  wells  have  been  obtained  at  about  the 
level  of.  the  railroad  station,  or  800  feet  above  tide.  They  are  at  the  base  of  the  moraine 
that  passes  Eekerman  on  the  south- and  are  probably  supplied  from  it.  The  well  at  Geoigo 
Johnson's  hotel,  made  in  1896,  is  47  feet  in  depth,  3  inches  in  diameter,  and  dischai^ges  6 
quarts  a  minute  through  a  half-inch  pipe  about  5  feet  above  the  surface,  or  808  feet  above 
tide.  The  flow  at  first  was  2  gallons  a  minute.  The  temperature  of  the  water  is  44.2°  F. 
The  well  penetrated  reddish  till  for  40  feet  and  sand  for  7  feet. 

A  flowing  well  at  Lake's  livery  stable  is  35  feet  deep  and  flows  2  quarts  a  minute,  the 
water  having  a  temperature  of  44.8°  F. 

At  the  dwelling  now  used  as  the  post-office,  just  east  of  the  railroad  depot,  is  a  35-foot  well, 
which  penetrated  15  feet  of  sand  before  entering  clay,  and  terminated  at  the  bottom  of 
the  clay  bed.  Although  the  water  overflowed,  a  pump  is  now  used,  and  the  temperature 
by  pumping  is  44.8°  F. 

Soo  Junction. — A  flowing  well  172  feet  deep  and  3  inches  in  diameter  was  made  in  1893 
by  James  Somerville  on  the  White  and  France  property  north  of  Soo  Junction,  on  the 
north  side  of  Tahquamenon  River  at  an  altitude  of  about  720  feet  above  tide.  It  was 
largely  through  a  "putty  clay,"  but  there  was  a  thin  bed  of  gravel  resting  on  the  rock. 
The  head  was  8  feet  above  the  surface  when  drilled.  This  well  was  not  visited  by  the 
'  writer  and  its  present  condition  was  not  ascertained. 

Newberry. — ^There  have  been  several  shallow  flowing  wells  at  Newberry,  on  the  tow 

ground  in  the  northwestern  part  of  the  village.     These  are  now  drained  by  deeper  wells 

at  tlie  furnace  and  chemical  works.    The  shallow  wells  pass  through  a  thin  bed  ol 

filiy  6  to  18  feet,  beneath  which  is  a  fine  sand  that  changes  to  coarser  at  a  depth  of  about 

Sdte  fdVt.    The  flows  are  of  moderate  strength,  one  being  as  high  as  3  gallons  a  minute 

^^  -*Hliidii  •»  766  to  760  feet. 
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The  well  at  the  furnace,  at  an  altitude  of  760  feet,  is  80  feet  deep,  and  flows  if  pumping 
is  discontinued  for  a  few  hours. 

At  the  chemical  works,  100  yards  north  of  the  furnace,  are  ten  wells  with  deptlis  ranging 
from  80  to  108  feet,  all  6  inches  in  diameter.    The  first  well  was  put  down  128  feet  and 
entered  a  hard  material,  possibly  bed  rock,  for  a  few  inches.    The  pipe  was  then  pulled. 
back  to  about  100  feet.     All  these  wells  will  flow  after  a  brief  intermission  from  pumping.  . 
The  water  is  sufiiciently  hard  to  form  a  coating  of  lime  on  the  stills.    It  is  struck  at  about  . 
20  feet  from  the  surface  in  fine  sand  under  a  clay  bed.    The  sand  increases  in  coarseness 
below,  and  for  this  reason  the  wells  are  extended  to  the  depths  named.    The  amount  of 
water  obtained  seems  unlimited.     No  temperature  observations  were  taken,  since  the 
water  is  carried  some  distance  through  surface  pipes  before  discharging. 

At  Harris's  celery  farm,  in  the  northeastern  part  of  Newberry,  is  a  driven  well  60  feet 
in  depth,  which  formerly  flowed,  but  now  has  a  pump  attached,  the  water  scarcely  rising 
to  the  surface.  Near  this  well,  at  a  railroad  section  house,  is  a  well  765  feet  above  tide, 
which  has  flowed,  but  is  now  pumped.  It  was  sunk  in  1889  to  a  depth  of  54  feet.  The 
temperature  of  the  water  is  45°  F. 

On  the  Ryberg  farm,  about  half  a  mile  east  of  the  wells  just  mentioned  and  at  the  same 
altitude,  is  a  well  142  feet  deep  which  is  still  flowing  3)  feet  above  the  surface,  discharging 
3  pints  a  minute.    The  temperature  is  45°  F. 

Tlie  public  supply  of  the  village  of  Newberry  is  from  three  6-inch  wells  110  feet  in  depth, 
which  have  a  head  of  about  10  feet,  the  ground  being  about  15  feet  above  the  level  of  the 
railroad  station,  or  780  feet  above  tide.  The  wells  are  through  sand  to  a  depth  of  90  feet, 
where  a  bed  of  gravel  is  struck  which  furnishes  an  unlimited  supply  of  water.  It  is  of 
mcKlerate  hardness  and  carries  but  little  iron. 

DoUarviUe. — ^The  Danaher  Lumber  Company  has  three  flowing  wells  at  the  village  of 
I>ollarvi11e,  2  miles  west  of  Newberry,  one  of  which  has  a  flow  of  10  gallons  a  minute;  the 
other  two  are  much  weaker.    There  is  a  fourth  well  with  water  near  the  surface,  but  it 
has  a  pump  attached.    The  strong  well  is  located  abou^  200  yards  east  of  the  railroad 
station  at  an  altitude  of  about  725  feet  above  tide.     It  is  thought  to  be  95  feet  in  depth 
and  is  3  inches  in  diameter  with  a  1-inch  discharge  pipe.    The  water  supplies  several  fami- 
lies and  is  piped  to  a  livery  bam.     It  has  a  slight  iron  taste  and  is  moderately  hard.    The 
temperature  is  45°  F.    A  well  about  300  yards  farther  east  flows  3  quarts  a  minute  and 
has  a  temperature  of  46°  F.    The  water  carries  considerable  iron  and  stains  boards  and 
other  objects  over  which  it  flows.    The  well  is  thought  to  be  about  130  feet  deep  and 
appears  to  have  struck  rock  at  the  bottom.     Another  well,  now  plugged,  also  appears  to 
have  reached  rock  at  120  feet;  its  water  tastes  of  sulphur,  which  seems  to  indicate  that  it 
may  be  supplied  in  part  from  the  rock.     All  the  wells  penetrate  a  bed  of  clay  above  the 
water  bed. 

Simih  of  DoUarviUe, — In  a  recess  of  the  moraine  2  or  3  miles  south  of  Dollarville  are 
flowing  wells  at  an  altitude  15  to  20  feet  higher  than  those  in  the  village,  or  about  740  feet 
»We  tide.  A  prominent  ridge  stands  between  these  wells  and  the  village  of  Dollarville. 
'^e  first  well  of  this  group  was  dug  in  1889  on  the  John  Carlson  estate  in  the  west  part  of 
J  sec.  9,  T.  45  N.,  R.  10  W.  It  was  through  red  clay  nearly  to  the  bottom,  ending  in  sandy 
wush  at  a  depth  of  102  feet.  The  water  barely  rises  to  the  top  of  the  well,  so  a  pump  is 
^^  attached.  About  one-fourth  mile  east  of  this  well  and  on  slightly  lower  ground  John 
"(inter  has  a  strong  flowing  well  103  feet  deep,  which  penetrated  only  40  feet  ot  red  clay 
^Qd  was  then  in  sandy  slush  to  a  gravel  bed  at  the  bottom.  The  water  in  this  well  rises 
*t  leist  11  feet  above  the  surface,  or  to  fully  750  feet  above  tide.  It  once  discharged  a  full 
^ream  from  an  inch  pipe  at  an  estimated  rate  of  20  gallons  a  minute,  but  now  burst  up 
i  ^^nd  the  pipe,  thus  lessening  the  discharge  through  the  latter.  The  water  is  hard  and 
^^es  a  little  iron.  The  temperature  is  45  F°.  There  are  several  strong  boihng  springs 
*^^  this  well.  About  one-half  mile  southeast  of  the  Hunter  well,  in  the  southwestern 
P^  of  section  10,  is  a  flowing  well  103  feet  deep  on  the  farm  of  A.  Pentland.  It  discharges 
^  quarts  a  minute,  with  a  temperature  of  45.5°  F.    It  was  largely  through  red  clay  to  sand 
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at  90  feet.  In  the  northwestern  part  of  section  1 1,  on  the  fann  of  John  Peterson,  is  a  flow- 
ing well  53  feet  deep  which  yields  a  gallon  a  minute,  the  temperature  being  45^  F.  This 
well  was  mainly  through  red  clay  to  sandy  slush  at  bottom,  in  which  the  pipe  is  suspended. 
If  unsupported  the  pipe  would  sink  several  feet  into  the  slush.  About  900  yards  east  of 
the  Peterson  well,  in  the  southwestern  part  of  section  2,  on  the  farm  of  John  Swanson,  is 
a  flowing  well  84  feet  in  depth.  The  altitude  appears  to  be  about  10  feet  hi^er  than  that 
of  the  other  flowing  wells  of  this  group,  or  750  feet,  and  the  head  is  only  2  feet  above  the 
surface,  so  a  siphon  is  used  to  carry  the  water  into  a  tub.  This  well  passed  throu^  sand 
for  its  entire  depth.  A  3-inch  hole  was  made,  but  the  pipe  is  only  1}  inches.  The  flow  is 
3  quarts  a  minute  and  the  temperature  45^  F.  Near  this  well,  along  a  small  stream, 
are  boiling  springs  covering  an  area  several  yards  square,  which  probably  have  a  similar 
source  with  the  wells.  Other  strong  boiling  springs  occur  one-half  mile  south  on  the  bor- 
ders of  a  lake. 

The  flowing  wells  neiar  Dollarville  are  the  westernmost  yet  developed,  but  it  is  probable 
that  flows  can  be  obtained  along  the  swamp  westward  across  the  divide  between  the  Tib- 
quamcnon  and  Manistique  drainage  basins,  and  possibly  throughout  the  southern  part  of 
the  great  swamp  drained  by  Manistique  River.  The  latter  swamp  is  uninhabited  and  is 
so  flooded  with  surface  water  that  there  is  no  occasion  to  test  for  flowing  wejls.  The  vil- 
lage of  Germfask,  which  stands  near  the  southeastern  edge  of  the  swamp,  may.  however, 
find  it  worth  while  to  test  for  such  wells. 

ISOLATED  WELLS  IK  BASINS. 

It  is  probable  that  flowing  wells  may  be  obtained  in  small  basins  on  the  borders  of  lakes 
or  in  swamps. 

Sheldrake. — One  such  well  is  reported  to  have  been  obtained  in  a  swamp  west  of  Shell- 
drake,  in  Chippewa  County,  at  a  lumber  camp  in  sec.  28,  T.  49  N.,  R.  7  W. '  It  is  only  16 
feet  dcx^p  and  apparently  passed  through  nothing  but  swamp  muck  to  the  sand  bed  that 
yields  the  flow.  The  swamp  is  surrounded  by  sand  ridges  rising  20  to  30  feet  above  it, 
and  they  probably  serve  as  a  catchment  area  and  furnish  the  head. 

Helmer.  -Another  isolated  flowing  well  is  at  Ilcliner  post-office  at  the  east  end  of  Manis" 

tique  Lako,  in  the  southwestern  part  of  Luce  County.    The  depth  is  70  feet,  and  water  is 

from  grav(?l  below  clay.    The  head  is  at  least  8  feet,  or  about  15  feet  above  Manistique 

Lake  and  715  feet  above  tide.    The  water  is  piped  into  the  hotel  owned  by  Mr.  llelmeT- 

The  natural  rate  of  flow  could  not  be  determined,  because  a  stone  had  become  lodged  »•*' 

the  lM)ttom  of  the  pipe,  greatly  obstructing  the  discharge.    The  temperature  is  46®  I*"- 

This  lake  is  in  a  basin  in  a  morainic  belt,  and  it  is  probable  that  flowing  wells  Min  be  obtained 

at  other  points  on  the  shore. 

OKTONAGON  COTJNTT.  a 

A  flowing  well  355  feet  in  depth  was  made  by  Mr.  Geismar  in  1893  near  Ewen,  Ontona'^ 
gon  County,  in  sec.  21,  T.  48  N.,  R.  39  W.  It  is  at  about  the  same  altitude  as  Ewen  sta^ 
tion — 1,134  feet.  It  penetrated  a  pebblelcss,  gritless  red  clay  for  125  feet,  under  whidp- 
was  found  a  gravel  bed  13  feet  thick,  yielding  a  weak  flow.  A  sandy  clay  slush  was  theit 
struck,  which  extended  to  354  feet,  where  gravel  with  a  strong  flow  of  water  was  found. 
The  well  discharged  a  full  1-inch  stream  10  feet  above  the  surface.  The  well  is  remark- 
able because  of  great  variations  in  the  temperature  of  the  water.  In  the  winter  months 
this  is  about  44°  F.,  but  in  the  spring,  about  the  time  of  the  snow  melting,  a  lowering  of 
temperature  is  noted,  which  continues  till  about  June  1,  when  it  reaches  38®  F.  This  low 
temperature  continues  well  into  the  summer  before  a  rise  begins.  Mr.  Geismar  refers  the 
low  temperature  to  the  access  of  snow  water  to  the  bed  of  gravel  from  which  the  well  flows. 

There  are  three  flowing  wells  at  Ewen,  belonging  to  the  village,  with  depths  of  208  to 
224  feet.  They  penetrated  red  clay  to  the  water-bearing  gravel  at  the  bottom.  Beneath 
the  gravel  is  a  reddish  rock,  thought  by  the  drillers  to  be  granite.  The  wells  flow  with 
considerable  strength. 

•Data  furnished  by  Superintendent  Leo  Geismar,  of  the  State  experimental  farm  at  Chatham,  MIoh. 
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FLOWS  FROM  ROCK. 
HOSTHESN  BOKDSE  OF  LAKE  MIGEIGAir. 

Occurrence. — Flowing  wells  have  been  obtained  at  several  points  near  the  Lake  Michi- 
gan shore  from  St.  Ignace  westward  to  Manistique,  and  at  various  depths.  So  far  as  ascer- 
tained they  are  all  from  the  rock,  and  there  appear  to  be  two  or  more  horizons  from  which 
flows  are  obtainable.  Part  of  the  data  concerning  these  flows  are  from  the  annual  reports 
sf  the  State  geologist  for  1901  and  1903,  and  the  only  interpretations  as  to  geologic  hori- 
EODS  are  those  presented  by  him.  As  already  stated,  the  present  writer  had  no  opportu- 
oity  to  examine  samples  of  well  drillings  nor  to  get  accurate  data  on  the  formations  pene- 
trated. The  flowing  ^ells  now  obtained  range  in  altitude  from  near  lake  level  up  to 
&bout  100  feet  above,  or  from  600  feet  or  less  up  to  about  680  feet  above  tide.  It  is  not 
certain,  however,  that  wells  may  generally  be  expected  to  flow  to  levels  100  feet  above  the 
ake.  More  likely  the  upper  limit  will  be  found  to  be  generally  within  50  feet  above  lake 
level.  This  opinion  is  based  on  the  fact  that  some  of  the  wells  near  lake  level,  such  as  those 
&t  Manistique,  have  not  sufficient  pressure  to  rise  50  feet  above  the  lake. 

St.  Ignace. — ^Two  deep  flowing  wells  have  been  made  in  the  vicinity  of  St.  Ignace  at  an 
iltitude  of  20  feet  above  the  lake,  or  600  feet  above  tide,  the  first  in  1887  and  the  second 
:n  1901.  In  the  first  the  Monroe  beds  extend  down  to  about  500  feet  and  yield  a  small 
unout  of  bitter  salt  water.  The  Niagara  and  "Clinton '^  limestones  extend  400  feet  far- 
ther down,  the  Medina  (?)  sandstone  being  struck  at  900  feet  and  penetrated  19  feet.  In 
the  second  well,  located  about  2  miles  north  of  the  old  one,  in  sec.  31,  T.  41  N.,  R.  3  W., 
the  Niagara  is  reached  at  400  feet  and  supplies  a  flow  of  water  from  a  depth  of  575  to  681 
feet  and  more  at  1,040  feet.  This  well  was  stopped  at  1,155  feet.  The  temperature  of 
the  flow  was  found  to  be  51°  F.,  or  about  6®  above  the  temperature  of  shallow  flowing 
wells,  though  2°  less  than  in  wells  of  similar  depth  at  Cheboygan  and  Alpena. 

Engadine. — A  strong  flowing  well  was  made  in  1905  on  the  farm  of  Peter  Praten  north 
of  Engadine,  in  sec.  4,  T.  43  N.,  R.  10  W.,  at  the  altitude  of  Engadine  station  (674  feet). 
It  is  only  60  feet  deep,  but  enters  limestone  for  some  distance.  At  the  village  of  Engadine 
are  two  deeper  wells,  one  of  which,  206  feet  deep,  had  a  weak  flow,  and  the  other,  146  feet 
deep,  had  water  nearly  level  with  the  surface.  The  deeper  of  these  two  was  made  by  the 
lumber  company  in  July,  1905,  and  flowed  for  a  month  or  more,  but  became  clogged  with 
sand.  The  other,  located  at  the  mill,  has  never  flowed.  The  sand  is  thought  to  work 
down  into  crevices  in  the  limestone  outside  the  pipe  in  the  deeper  well,  thus  choking  it. 

^(ueU  Lake. — The  Simmons  Lumber  Company  has  an  intermittent  flowing  well  on  the 
sHoreof  DeuelsLake,  about  10  miles  southwest  of  Engadine,  in  sec.  23,  T.  42  N.,  R.  11  W. 
*^e  Well  is  108  feet  in  depth  and  is  in  limestone  from  a  depth  near  the  surface.  The  water 
"^  3  feet  above  the  surface  in  the  spring  and  early  summer,  but  in  the  fall  it  drops  below 
the  surface,  apparently  on  account  of  drought.  The  altitude  is  estimated  to  be  scarcely 
^  feet  above  Lake  Michigan,  and  the  well  is  less  than  2  miles  from  that  lake.  It  is  prob- 
*"le  that  similar  flows  can  be  obtained  along  the  shore  of  Deuels  Lake  at  other  points. 
Poesibly  a  deeper  well  might  obtain  water  with  sufficient  head  to  flow  through  the  dry 


"^M  Spur. — A  well  was  made  about  1890  by  the  Michigan  Cedar  Company  at  Hunt 
^^  on  the  Soo  Line  Railroad,  near  the  western  border  of  Mackinac  County,  which  dis- 
chai]ged  a  stream  with  sufficient  force  to  throw  a  jet  20  feet  in  the  air.  A  hose  was  attached, 
wdthe  flow  was  used  in  cleaning  off  logs.  No  data  were  obtained  concerning  the  depth, 
hut  it  is  thought  not  to  exceed  200  feet.  The  altitude  of  the  well  mouth  is  684  feet,  and 
^  ^ell  is  in  limestone  from  a  depth  near  the  surface.  Another  well  at  a  bam  of  the  same 
^'^^pany  has  a  weaker  flow. 

^onidique. — There  are  several  flowing  wells  in  Manistique  with  depths  between  200 
Md  300  feet  and  one  (at  the  Hiawatha  Hotel)  with  a  depth  of  800  feet.  The  shallower 
welk  have  a  head  in  some  cases  about  16  feet  above  the  surface,  or  630  feet  above  tide^ 
whlk  the  deep  well  at  the  Hiawatha  Hotel  is  said  to  have  a  head  30  or  40  feet  above  th#' 


i 
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surface,  or  about  650  feet  above  tide.  The  State  geologist  in  the  report  for  1903  interpreti 
the  horizon  of  the  deep  flow  to  be  Trenton,  and  of  all  the  others  to  be  Niagara.  The  torn 
perature  of  the  shallower  wells  is  45^  to  46°  F.,  as  noted  by  both  the  State  geologist  ux 
the  writer. 

Several  of  the  flowing  wells  are  furnished  with  Are  hydrants  and  are  drawn  on  in  case  a 
fire,  the  yield  by  pumping  being  sufiicient  to  supply  all  the  water  needed.^ 

8H0SE  OF  BIQ  BAT  DE  HOC. 

Garden  Peninsula, — On  the  western  side  of  Garden  Peninsula,  at  Vans  Harbor  and  Gir 
den  village,  strong  flowing  wells  have  been  obtained,  concerning  which  the  following  dttt 
were  furnished  by  the  driller,  George  W.  Gray,  of  Cooks  Mill,  Mich.: 

Flowing  wells  on  Garden  Peninsula. 


Owner. 

When 
made. 

1905 
1902 

1903 

1902 

1903 
1905 

Alti- 
tude. 

Feet. 
500 

592 

588 

593 

505 
588 

Depth. 

Diam- 
eter. 

Flow 
mmiite. 

Head. 

Romarkii. 

L.  Van  Winkle 

W.  Stlllwagen 

Feet. 
233 

175 
199 

195 

220 
104 

Indus. 
5 

5 

OalU. 
GO 

30 
25 

Feet. 
+  18 

+16 
+18 

+  6 

The  only  flow  at  Vang  Hti 
bor.    Cased  40  feet;  Um 
stone   at    18   feet   nndi 
bowldery  clay. 

Deepened  an  old  well  82  fee 
First    flow    at    107   fee 
stronger  flow  at  173  fee 
Used  for  fish  pond  ai 
house. 

Two  water  beds,  as  In  pi 
ceding    well.     Limestoi 
under  bowldery  clay  at 
feet.    Cased  38  feet  and 
a  leakage  at  60  feet. 

Bondrcau  dc  Disco 

Garden  village: 

No.l 

No.2 

and  sand  at  14  feet.   Ca» 
52    feet.      Flow    weak 
than  25  gallons  July 
October  and  Januarr 
April. 

Now    plugged    because 
drained  well  No.  1,  bi 
water  comes  up  aroui 
pipe.    Main   flow   at   1 

Drift,  very  bowldery  at 
feet. 

No.3 

5 

8 

The  decrease  in  the  flow  of  the  village  well  No.  1  seenis  referable  to  drought  in  the  la 
summer  and  the  frozen  condition  of  the  ground  in  the  winter.  The  second  village  we 
although  on  slightly  higher  ground,  apparently  has  an  advantage  over  the  first  by  drawii 
water  from  a  lower  depth. 

Conditions  seem  very  favorable  for  obtaining  flowing  wells  along  the  Lake  Michigi 
slope  of  the  Garden  Peninsula,  but  no  instances  of  the  occurrence  of  such  wells  came 
the  writer's  notice.     Tlie  shore  rise-s  gradually  back  from  the  lake  and  the  flowing-well  hi 
should  extend  a  mile  or  more  inland.  • 

Nahma. — At  Nahma,  on  the  western  side  of  Big  Bay  de  Noc,  opposite  Garden,  are  ti 
flowing  wells  made  by  the  Big  Bay  de  Noc  Lumber  Company.  One  sunk  in  1883  is  133  fe 
deep,  2  inches  in  diameter,  and  flows  scarcely  a  gallon  a  minute.  It  ends  in  limestoc 
Another  sunk  in  1895  is  80  feet  deep,  4  inches  in  diameter,  and  will  fill  a  barrel  in  about  fi 
minutes.     It  does  not  enter  rock. 

Probably  flowing  wells  are  obtainable  at  moderate  depths  both  along  the  shore  of  t 
bay  and  up  the  Stui^on  River  Valley,  but  no  others  have  come  to  the  writer's  notioe. 


•  The  city  is  now  (1905)  building  a  waton^'orkn  plant  which  will  obtain  water  from  Indian  Lai 
wUoh  liet  about  3  miles  to  the  northwest. 
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Rapid  River. — In  the  village  of  Rapid  River,  at  the  head  of  Little  Bay  de  Noc,  several 
flowing  wells  are  in  operation  and  two  flows  have  been  obtained  in  test  wells  for  oil  several 
miles  north  of  the  village,  which  show  a  possible  extension  of  the  district  in  that  direction. 
It  is  probable  that  flowing  wells  may  be  obtained  along  the  entire  western  side  of  the  bay 
on  ground  below  the  60()-foot  contour,  and  in  places  at  higher  altitudes,  as  in  the  Hendricks 
boring  noted  below. 

Flowing  wells  at  Rapid  River. 


Owner. 


A.  Conner 

H.  W.  Colea.. 
Village  No.  1. 
Village  No.  2. 
Dr.  A.  LaiDg. 
A.  Schaible... 

A.  Bodah 

Mrs.  J.  Fish.. 
School  well... 


Location. 


When 
made. 


East  of  Main  street. . 

....do 

Main  street 

West  of  Main  street. 

do 

....do 

North  part  of  town . . 

Half  mile  west 

MasonviUe 


1805 
1897 
1897 
1898 
1903 
1904 
1899 
1897 
1905 


Alti-     T^„.^ 
tude.   I^P^^' 


Feet. 
588 
586 
588 
590 
590 
588 
590 
593 
590 


Feet. 
270 
258 
273 
275 
273 
273 
275 
273 


Flow 
per 

min- 
ute. 


Tem- 

?era- 
ure. 


Galls. 
0.75 
2.00 
4.00 
1.5 
2.0 
6.0 


r 


46.8 
45.0 
45.5 
45.5 
45.5 
45.2 


The  wells  at  MasonviUe,  which  are  located  a  mile  southwest  of  Rapid  River,  and  the 
Fish  and  Bodah  wells  in  Rapid  River,  were  not  visited.  The  head  was  not  determined 
in  any  of  the  wells,  though  it  Lb  known  to  exceed  8  feet,  some  of  the  wells  having  been  car- 
ried to  that  height  without  reaching  the  full  limit. 

The  two  oil-well  borings,  7  miles  north  of  Rapid  River,  in  sec.  34,  T.  42  N.,  R.  21  W., 
were  each  drilled  to  a  depth  of  800  feet  or  more.  Samples  inspected  by  the  State  geologist 
form  the  basis  for  the  following  interpretation  of  the  strata  penetrated: 

Hypothetical  log  of  Rapid  River  oil  ivell. 


Swamp,  peat,  and  muck. 
Marl 


.4 


with  strong  flow  of  water,  temperature  47.3"  F . 


Trenton  limestone  with  geodes. 

St.  Peter  (?) 

UndUfePBntlated  "  Calciferous  " 
Potsdam  sandstone  (white) . 

Pottdam  sandstone  (red) 

feldgpftthic  sandstone  (Potsdam) 

^'^cifleoaa  red  sandstone  (Potsdam) 

^^mposed  chloritic  schist,  like  Archean  rocks,  at  bottom. 


Thick- 
ness. 

Feet,  i 

6  I 
10  I 

264 

i 
350  ' 

I 

80  > 

50l 
10  I 
30' 


Total. 


Feet. 


I 


16 
280 


710 
760 
770 
800 


^hdgtone. — At  the  furnace  in  the  northern  part  of  Gladstone  there  are  several  flowing 
^cBs  which  range  in  depth  from  230  to  700  feet  and  have  diameters  of  4  and  6  inches.  They 
^  ^ut  5  feet  above  lake  level,  and  one  has  a  head  27  feet  above  the  lake,  or  Ci07  feet  above 
tide.  There  are  two  horizons  from  which  flows  are  obtained,  one  being  at  about  230  feet 
*^<i  the  other  about  700  feet,  with  small  quantities  of  water  at  intervening  levels.  The  low- 
f*t  Water  horizon  is  reported  to  be  the  strongest  and  the  water  is  thought  to  be  softer  than 
^  *ell8  of  shallower  depth.  This,  however,  was  not  verified  by  chemical  analyses.  The 
•wtiest  well  was  made  about  1800  and  others  have  been  sunk  from  time  to  time  as  needed. 
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Temperatures  reported  by  Lane  are  found  to  range  from  44.9°  to  49.3°  in  the  different  wdky 
Uie  highest  Ix'ing  in  a  well  500  feet  deep. 

At  a  boarding  house  kept  by  Mrs.  Martin  adjacent  to  the  furnace  is  a  well  290  feet  deep 
and  4  inches  in  diameter,  made  in  1902,  which  yields  a  moderate  flow. 

At  the  roundhouse  in  tlie  western  part  of  Gladstone  a  well  made  by  the  Minneapolkr 
St.  Paul  and  Sault  Ste.  Mane  Railway  in  1903  reached  a  depth  of  about  700  feet  and  ob- 
tained a  strong  supply  of  water  at  6ft0  feet,  which  stands  a  test  by  pumping  of  150  gal- 
lons a  minute  and  has  a  hardness  of  5.86°  on  Clark's  scale.  The  water  rises  to  12  feet  beknr 
the  surface  or  about  600  feet  above  tide,  the  railroad  station  near  by  being  612  feet.  The 
following  record  appears  in  the  report  of  the  State  geologist  for  1903: 

Log  of  railroad  wcU  at  Gladnlone. 


Thlck- 


\ 


I  Feet, 

Sand 51      I 

Clay  and  hardpan I  la  5 

Sand  and  gravel J5      i 

Clay  and  limestone  bowlders I  14. 5  I 

Trenton  limestone I  234     \ 

Sandstone  and  limestone  (St.  Peter?) 80      I 

Undifferentiated  "  Calciferous  "  limestone '  228     ' 

Potsdam  sandstone '. •  100     I 

I  I 


Total. 

Feet. 

51 

«L5 

78.6 

91 
32S 
414 
642 
743 


Hendricks. — A  boring  in  sec.  8,  T.  41  N.,  R.  24  W.,  obtained  a  weak  flow  from  a  reddidk 
sandstone  which  was  struck  at  350  feet  and  penetrated  for  146  feet.  It  is  a  4-inch  weO 
and  was  made  in  the  winter  of  1901-2,  at  a  cost  of  about  $1 ,000.  a 


WEST  SHORE  OF  OREEN  BAT. 

Several  flowing  wells  have  been  sunk  in  the  cities  of  Escauaba  and  Menominee,  HfidL, 
as  well  as  at  cities  and  villages  on  the  borders  of  Green  Bay  in  Wisconsin.  The  flows  are 
partly  from  the  St.  Peter  sandstone  and  partly  from  the  Potsdam.  Possibly  the  sandy 
beds  of  the  "Calciferous"  also  yield  flows,  and  they  may  be  obtainable  from  the  Trenton 
limestone  at  certain  point.**.  The  few  data  here  presented  are  from  the  annual  report  of 
the  State  geologist  for  1903: 

Log  of  WagMr  wtU  near  Escanaba. 


Drift,  gravel,  and  clay 

Lorraine  (Hudson)  shale 

Utica  bituminous  shale 

Trenton  limestone,  with  geodes  or  qtiartz  inclusions,  at  406  and  457  feet  and  sbale  at 

485-489  and  518-522  feet 

8t.  Peter  sandstone  (in  part) 

St.  I*eter  shale 

Undifferentiated  "Calciferous "  limestone,  etc 


Thkik- 
ness. 


Feet, 

9 

192 

fiO 

271 

38 

2 

78 


Total. 


FeeL 

aoi 

251 


500 


040 


a  Reported  by  J.  M.  White,  Wells,  Mich. 
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In  a  recent  well  near  by,  a  broken  formation,  perhaps  the  conglomerate  of  the  Archean 
quartzite,  was  struck  at  860  to  900  feet;  above  it  was  a  good  body  of  sandstone. 

A  flowing  well  at  Flatrock  near  Escanaba  is  reported  to  be  800  to  900  feet  deep. 

At  Menominee  S.  M.  Stephenson  has  a  flowing  weU  in  town  and  another  on  his  farm  3 
miles  west.  The  latter  is  720  feet  deep  on  ground  30  feet  above  Lake  Michigan  and  has  a 
head  of  only  1  foot.  Water  was  found  at  various  levels,  but  the  main  supply  is  at  620  feet. 
The  water  of  the  town  well  has  a  temperature  of  55.5*^  F.,  but  no  data  as  to  depth  of  the 
water  bed  are  reported.  A  weU  near  the  Stephenson  Hotel  in  Menominee  is  thought  to  be 
in  Potsdam  sandstone,  but  no  definite  data  are  given  as  to  depth,  the  statement  being 
500  to  1,000  feet. 

There  are  a  number  of  other  flowing  weUs  in  Menominee,  Marinette,  and  E^scanaba,  but 
the  writer  is  not  in  possession  of  data  concerning  them. 

LAKS  8XJPEBI0S  8H0BS. 

Grand  Marais. — A  deep  boring  was  made  at  Grand  Marais  a  few  years  ago,  with  the 
expectation  of  obtaining  a  flowing  well.  It  is  on  ground  about  30  feet  above  Lake  Supe- 
rior. It  penetrated  100  feet  of  drift  before  entering  Potsdam  sandstone,  and  was  carried 
1,100  feet  into  that  rock.  The  water,  though  abundant  and  of  good  quality,  will  not  ovei^ 
flow,  and  in  consequence  no  use  is  made  of  it.  The  dip  of  the  rock  formations  being  south- 
'ward  from  the  shore  of  Lake  Superior,  the  underground  flowage  is  probably  in  that  dii:ection, 
or  away  from  the  lake  shore.  This  being  the  case,  the  further  testing  of  this  shore  for  flow- 
ing wells  can  not  be  encouraged. 

NONPLOWING  WELLS. 

In  the  districts  where  flowing  weUs  can  not  be  obtained  a  number  of  records  were  col- 
lected which  throw  light  on  the  distance  to  water,  and  in  some  cases  on  the  head.     In  general 
it  may  be  stated  that  an  exceptionally  good  water  is  obtainable,  at  moderate  depths, 
throughout  the  part  of  the  northern  peninsula  underlain  by  Cambrian  and  Silurian  rock 
fonnations.     It  need  scarcely  be  stated  that  it  is  decidedly  softer  in  the  sandstone  districts 
bordering  Lake  Superior  than  in  the  limestone  districts  bordering  Lakes  Michigan  and 
HuroD,  a  feature  which  also  characterizes  the  lak»9.    The  water  table,' except  in  promi- 
nent facial  and  limestone  ridges  and  elevated  gravel  and  sand  plains,  is  near  enough  to  the 
J.    suriaoe  to  be  easily  reached  by  dug  weUs,  a  common  depth  being  20  to  30  feet.    Probably 
"^  j    ^  per  cent  of  the  farm  wells  are  less  than  30  feet  in  depth.    The  records  coUected  are 
1    mably  of  weUs  of  exceptional  depth,  no  attempt  having  been  made  to  compile  a  complete 
^-   In  the  statements  which  follow,  the  well  districts  are  taken  up  in  order  from  east 
toweet. 

OHIFFEWA  OOVHTT. 

^v^  Idand. — On  Sugar  Island  wells  are  15  to  25  feet  deep.  On  clay  plains  they  pene- 
^i^te  to  underiying  sand  and  gravel,  while  on  graveUy  ridges  they  go  down  about  to  the 
^^el  of  the  bordering  plains. 
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St  Marys  River, — Along  St.  Marys  River  from  Sault  Ste.  Marie  to  tlie  mouth  of  t 
Munuscong  the  wells  are  generally  only  15  to  30  feet  in  depth,  corresponding  to  their  a] 
tude  above  the  river.  There  are,  however,  places  where  a  solid  bed  of  clay  extends  son 
depth  below  the  river  level,  as  indicated  in  the  following  table: 

•  WeUs  along  St.  Marys  River. 


QWUBt. 


B.ailroy 

Do„.„. 
iikin  FreHloQ 

D.  F.  Grler.. 

John  D&ylui 
J.  Wrigbt„, 


I 

rOCAtIC 

Alti- 
tude, 

Beptb. 

f^etL 

Feet. 

« 

J 

23 

620 

00 

47 

22 

015 

77 

J7 

n 

615 

70 

40 

_ 

zr 

ttlO 

7D 

40 

13 

500 

100 

40 

25 

im 

m 

46 

30 

600 

78 

Heftd, 


FeeL 

-18 


^  3 

-25 


-  4 


Horaatk*. 


Baud  I2teet,  hkI  cU^r  45  l«l,gn 
{!l  and  Baad  3  f^l. 

&vtlon  Btune  ait  pfvoedln^. 
I  Clay  to  water  Xtcd  In  gta\'^ 
bottom. 

I  Head  at  Ur^t  i»&r  surlftoe,  1 
oow  25  foet  bdow* 

Ko  water  obtained.    Clftf  to  b^ 
!      tom. 

Sund  0  fwtj  clay  to  gravel  «t  fe 
torn. 

Sand  7  fwt,  day  68  leelj  gr&vt 


Wells  on  the  high  plain  above  the  Nipissing  beach,  south  of  Sauit  Ste.  Marie,  at  tl 
tudes  between  670  and  700  feet  above  tide,  are  from  35  to  100  feet  in  depth,  and  obti 
water  from  gravel  or  sand  under  a  laminated,  nearly  pobbleless,  clay.  The  head  is  gf 
erally  30  feet  or  more  below  the  surface.  Temperatures  wherever  tested  were  45°  F. 
slightly  less. 

Pickford. — ^Wells  on  the  gravelly  table-land  northwest  of  Pickford  are  55  to  75  feet 
more  in  depth  when  at  an  altitude  of  about  775  feet,  and  the  water  rises  but  little  in  t 
wells. 

Wellsburg. — On  the  high  sandy  plain  at  Wellsburg,  at  an  altitude  of  225  feet  above  La 
Superior,  a  well  was  sunk  by  the  railroad  company  in  1885  to  a  depth  of  280  feet,  entiit 
through  sand.  The  water  rises  to  — 15  feet,  or  about  180  feet  above  the  lake.  A  well 
the  ravine  south  of  the  station,  about  15  feet  lower,  obtains  water  at  only  25  feet  dep( 
North  of  Wellsburg  on  the  same  plain  are  wells  100  to  160  feet  in  depth.  A  well  on  t 
Van  Leuven  homest«iad  in  sec.  25,  T.  47  N.,  R.  4  W.,  on  a  morainic  ridge  overlooking  La 
Superior,  and  at  an  altitude  about  225  feet  above  lake  level,  is  140  feet  in  depth. 

Rexford. — ^At  Rexford,  on  a  high  sand  plain  about  325  feet  above  Lake  Superior,  a  w 
was  obtained  at  only  45  feet,  and  a  similar  well  was  obtained  at  the  target  range,  about 
mile  west  of  Rexford.  South  of  these  high  sand  plain.s,  in  the  vicinity  of  Trout  Lake  a' 
Alexander,  wells  are  obtained  at  slight  depth,  much  of  the  region  being  swampy. 

SheUdrake. — At  Shclldrake,  on  the  shore  of  Lake  Superior,  a  boring  was  sunk  by  Coloi 
Culhane  to  a  depth  of  250  feet  without  reaching  rock,  although  at  an  altitude  of  only  5  ft 
above  Lake  Superior.  It  passed  through  clay  with  associated  thin  beds  of  sand  a 
obtained  a  weak  supply  of  water  with  a  head  of  60  feet.  Several  wells  in  SheUdrake  i 
from  75  to  85  feet,  there  being  but  little  water  obtainable  at  less  than  75  feet. 

LUCE  COTJNTT. 

Newberry  and  vicinity. — In  the  vicinity  of  Newberry  several  deep  wells  have  been  mi 
on  elevated  ground,  at  the  State  Insane  Asylum,  and  on  surrounding  farms.  One  well 
the  asylum,  457  feet  deep,  struck  rock  (limestone)  at  320  feet,  and  entered  shale  in 
lower  70  feet.  Water  is  from  near  the  top  of  the  limestone,  and  the  well  will  yield 
pumping  200  gallons  a  minute.  It  has  a  diameter  of  7J  inches.  The  head  is  — 104  f< 
and  the  altitude  of  the  well  mouth  about  865  feet.  Another  asylum  well  is  245  feet,  i 
there  are  four  weUs  186  feet  in  depth.    All  these  wells  struck  the  first  water  bed  at  a  de; 
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of  about  100  feet,  and  there  is  little  if  any  rise  of  water,  that  depth  being  apparently  the 
level  of  the  ground-water  table.  Other  wells  have  been  made  at  wood  camps  on  the  asylum 
property,  1  to  2  miles  south  and  east  of  the  buildings,  one  well  being  100  feet  and  another 
170  feet  deep.  The  deeper  well  penetrated  sand  100  feet  and  below  this  a  blue  hardpan 
65  feet,  obtaining  water  in  sand  under  the  hardpan.  The  altitude  of  these  wells  b  about 
the  same  as  that  of  those  at  the  institution.  At  a  schoolhouse  near  the  asylum  the  well  has 
a  depth  of  138  feet.  A  partial  analysis  of  water  from  a  well  adjacent  to  the  asylum  grounds, 
made  in  1893  by  Doctor  Nicholson  of  Newberry,  showed  the  presence  of  only  65  parts  per 
million  of  calcium  and  magnesium  carbonates,  and  but  a  trace  of  iron,  while  chlorides 
seemed  to  be  entirely  absent.    The  depth  of  this  well  is  128  feet  and  the  head  — 110  feet. 

About  2  miles  west  of  the  asylum,  on  a  prominent  knoll  of  similar  altitude,  are  three  deep 
wells.  One  at  a  schoolhouse,  in  the  western  part  of  section  9,  is  192  feet  deep  and  has  a 
head  of  — 135  feet.  It  was  largely  through  sand.  Across  the  road,  in  section  10,  at  the 
residence  of  John  Templeton,  is  a  well  196  feet  deep,  with  a  similar  head.  About  a  mile 
northeast  of  these  wells  A.  Carlson  made  a  well  150  feet  in  depth,  with  a  head  of  — 130  feet. 
The  altitude  of  these  three  wells  is  about  850  feet.  Another  well  on  lower  ground  (760  feet 
above  tide),  in  the  southeastern  part  of  section  4,  has  a  depth  of  106  feet  and  a  head  of  — 26 
feet.     There  were  nearly  20  feet  of  clay  near  the  top,  but  the  remainder  was  through  sand. 

At  a  limestone  quarry  12  miles  southeast  of  Newberry  (sec.  6,  T.  44  N.,  R.  8  W.)  are 
two  wells  100  feet  in  depth,  with  a  head  80  feet  below  th^  surface.  The  altitude  of  the  wells 
is  about  900  feet.  An  analysis  of  the  boiler  scale,  made  by  the  Dearborn  Drug  and  Chem- 
ical Company,  Chicago,  gave  the  following  proportion  of  mineral  constituents: 

Analysis  of  bailer  scale  from  quarry  well  water. 

Per  cent. 

Silica 3.20 

Oxides  of  iron  and  alumina 1. 16 

Calcium  carbonate 80. 08 

Magnesium  carbonate 14.01 

Calcium  sulphate 1. 40 

Loss,  etc 15 

100.00 

McMUlan. — ^At  McMillan  the  schoolhouse  well  has  a  depth  of  80  feet  and  an  altitude  of  785 

feet.    The  water  is  from  sand  under  clay.     The  well  at  the  cooperage  company's  mill,  on 

ground  35  feet  lower,  is  60  feet  in  depth  and  has  a  head  of  —16  feet. 

Manistiqiu  Lake. — North  of  Manistique  Lake  are  several  wells  nearly  100  feet  in  depth. 

'      One  at  the  schoolhouse  in  sec.  29,  T.  45  N.,  R.  12  W.,  is  96  feet  and  has  a  head  of  —60 

I      feet.    It  entered  limestone  at  40  feet.    Jerry  Holland  has  a  well  on  the  eastern  side  of  sec- 

■      ^on  30,  which  is  85  feet  deep  and  enters  limestone  at  18  feet.    The  head  is  —20  feet. 

^cw»8  the  road,  in  section  29,  at  the  residence  of  Charles  McKenna,  is  a  well  86  feet  deep, 

^  ground  about  35  feet  higher  than  the  Holland  well.     It  has  a  head  of  —56  feet  and 

Altered  limestone  at  40  feet.     John  Richards  has  a  well  in  the  southern  part  of  section  21 

^th  a  depth  of  76  feet  and  a  head  of  —68  feet.     It  penetrated  clay  for  12  feet  and  sand 

for 64  feet,  striking  rock  at  the  bottom. 

A  Well  east  of  Little  Manistique  Lake  on  the  farm  of  J.  Fyne,  in  sec.  17,  T.  45  N., 
^- 11 W.,  with  a  depth  of  58  feet,  has  a  head  of  only  —7  feet.  It  penetrated  clay  40  feet, 
^W  which  was  a  sandy  gravel. 

XACKUIAC  COTJNTY. 

Wells  on  the  Niagara  limestone,  in  southeastern  Mackinac  County,  are  often  sunk  to 
wpths  of  60  to  75  feet,  and  in  most  cases  there  is  little  rise  of  the  water. 

^ohns.— 'At  Palms  (Kenneth  post-office)  are  two  wells  108  and  117  feet  in  depth,  made  by 
"•  J.  Rofls,  which  have  an  altitude  of  795  feet  and  a  head  of  —35  fe«t.  Another  well  at 
^*w»Md'8  miU,  at  an  altitude  of  770  feet,  is  75  feet  deep  and  has  a  head  of  —8  feet. 
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(hsark. — On  a  limestone  hill  east. of  Ozark,  a  well  having  an  altitude  of  about  875  fea^, 
reached  a  depth  of  100  feet.    Farther  south,  near  Allenvillc,  wells  are  difficult  to  obtain, 
because  of  the  large  amount  of  shale  in  the  Monroe  beds,  and  borings  100  to  150  feet  are  not 
rare. 

Lewis  and  Rex. — In  wells  in  the  vicinity  of  Lewis  and  Rex,  water  is  obtained  at  veij 
shallow  depths,  although  the  altitude  is  about  860  feet.  Those  at  Lewis  are  from  sand  at 
about  16  feet.    Some  near  Rex  enter  rock  at  10  feet,  but  others  are  entirely  from  sand. 

OUchrist. — At  Gilchrist,  at  an  altitude  of  780  feet  above  tide,  the  railroad  company  mada 
a  well  1,180  feet  in  depth,  which  entered  rock  at  80  feet  and  has  a  head  of  —70  feet. 

West  end  of  county. — From  Millecoquins  Lake  southwestward  past  Engadine  and  QoaU 
to  Corinne  nearly  all  the  wells  enter  rock  at  slight  depths.  The  shallowest  are  about  40 
feet  and  the  deepest  over  200  feet,  the  conunon  depth  being  about  80  feet.  The  wate 
seldom  rises  to  more  than  40  feet  below  the  surface.  A  test  boring  made  at  Corinne  in  1888^ 
for  the  purpose  of  obtaining  a  flowing  well,  reached  a  depth  of  180  feet  and  had  a  hetd  of 
—25  feet,  or  748  feet  above  tide.  A  well  at  Ferguson's  store,  in  Gould,  is  116  feet  deep  and 
has  a  head  of  —12  feet,  or  724  feet  above  tide.  The  majority  of  wells  around  Corinne  and 
Gould  are  65  to  80  feet  in  depth.  Deep  flowing  wells  at  Engadine  have  already  jien 
discussed  (p.  43),  and  also  the  flowing  well  at  Deuels  Lake  (p.  43). 

BOEOOLO&AFT  OOVirTT. 

Seney. — At  Seney  wells  were  maide  some  years  ago,  with  a  depth  of  110  to  115  feet,  which 
obtained  a  strong  supply  but  not  a  flow. 

Germfask. — East  of  Germfask  are  wells  about  80  feet  deep,  on  the  Stafford  farm,  in  aw. 
12,  T.  44  N.,  R.  13  W.,  with  a  head  of  —45  feet.  A  well  on  Thomas  Kennedy's  farm,  on 
section  14  has  a  depth  of  70  feet  and  very  little  rise  of  water.  A  neighboring  well  at  S. 
Bums's  residence,  on  a  high  ridge  in  section  15  has  a  depth  of  only  14  feet. 

Blaney. — ^The  William  Mueller  Lumber  Company,  of  Blaney,  sunk  a  well  214  feet  for  the 
purpose  of  procuring  a  supply  for  waterworks,  but  an  insufficient  and  unsuitable  supply  WM 
obtained.  The  water  tastes  *'  like  bog  ore."  The  supply  is  partly  from  a  depth  of  ^  fest 
and  partly  from  near  the  bottom  of  the  well.  The  head  Ls  about  40  feet  below  the  surface. 
There  were  113  feet  of  drift  and  101  feet  of  shale.  The  following  drift  beds  were  penetrated: 
Clay  loam  and  sand,  15  feet;  quicksand,  26  feet;  gravel,  4  feet;  blue  bowlder  clay  with  sand 
streaks,  68  feet.a 

Manistique. — On  a  table-land  east  of  Manistique  wells  are  30  to  60  feet  in  depth  without 
reaching  rock.  Tlie  deeper  wells  are  near  the  edge  of  the  table-land,  and  are  reported  to  ba 
entirely  through  sand. 

HiawaJtha. — In  the  Hiawatha  settlement,  about  12  miles  north  of  Manistique,  wells  are 
40  to  65  feet  in  depth,  through  gravel  and  sand,  and  there  is  very  little  rise  of  water,  the 
ground-water  table  being  about  40  feet  below  the  surface,  or  near  the  level  of  the  small 
lakes  whicli  occur  in  that  region  in  basins  in  the  gravel  plain. 

Indian  Lake. — On  each  side  of  Indian  Lake,  from  a  point  near  Manistique  to  Cookfi  Mill, 
is  a  limestone  district  in  which  welLs  are  often  50  to  75  feet  in  depth,  and  have  very  little 
rise  of  water,  the  ground-water  table  being  near  the  level  of  Indian  Lake. 

DELTA  GOXJKTT. 

Garden  Peninsula. — On  Burnt  Bluff,  on  Garden  Peninsula,  are  two  wells  228  feet  in  depth, 
which  have  a  head  of  —203  feet,  which  is  about  at  the  Lake  Michigan  level.  Rock  was 
entered  at  3  feet.  Several  wells  in  that  vicinity  are  100  to  140  feet  in  depth.  Rock  k 
usually  entered  at  a  depth  of  30  feet  or  less  on  Garden  Peninsula,  and  in  some  cases  weDs 
are  carried  to  25  to  30  feet  below  Lake  Michigan  level  before  a  strong  supply  is  obtained^. 

St  Jacques. — At  St.  Jacques  the  hotel  well  is  35  feet  in  depth  and  obtains  a  supply  from 
gravel  under  a  bed  of  sandy  loam.    Two  dug  wells  near  the  hotel  are  only  26  feet  in  depth, 

«  Data  /umished  by  Geoive  W.  (iiray,  driller.  Cooks,  Mich. 

b  Data  on  Garden  Peninsula  furnished  by  George  W.  Gray,  driller. 
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but  a  well  one-fourth  mile  east  on  slightly  higher  ground  is  65  feet  deep.    The  altitude  is  15 
to  25  feet  higher  than  at  the  railroad  station,  or  630  to  640  feet  above  tide. 

Ensign. — ^At  Ensign  rock  is  struck  at  about  10  feet,  but  wells  are  usually  obtained  at  the 
base  of  the  drift,  the  rock  being  a  shale  with  very  little  water. 

ALGER  GOXTKTT. 

From  the  head  of  Little  Bay  de  Noc  northward  to  Lake  Superior  is  a  district  in  which  rock 

Ls  found  at  shallow  depth,  usually  less  than  20  feet,  and  wells  are  obtained  either  at  the  base 

of  the  drift  or  at  a  moderate  depth  in  the  rock,  a  well  more  than  40  feet  in  depth  being  rare. 

The  altitude  near  the  head  of  Little  Bay  de  Noc  is  only  about  600  feet  above  tide,  but  on 

the  brow  of  the  calciferous  escarpment  in  the  vicinity  of  Rumely,  Lawson,  and  Carlshend 

it  is  1,050  to  1,150  feet,  yet  the  water  table  is  sufficiently  near  the  surface  to  furnish  wells  at 

very  slight  depth.         ^  

MEHOHIKEE  GOXTKTT. 

The  drift  is  also  of  moderate  depth  west  of  Little  Bay  de  Noc  and  Green  Bay,  in  Delta 
and  Menominee  counties,  and  wells  are  usually  obtained  at  the  base  of  the  drift  or  in  the 
upper  portion  of  the  rock  at  depths  of  40  feet  or  less.  The  drift  is  a  sandy  or  clayey  loam 
with  thin  beds  of  clear  gravel  or  sand  associated  with  or  underlying  it. 

MASdUETTE  COUKTT. 

In  eastern  Marquette  County,  from  Little  Lake  northward  to  Harvey  and  Mangum,  is  a 
belt  of  very  heavy  drift  in  which  wells  90  to  200  feet  in  depth  have  not  reached  rock,  while 
a  boring  to  test  for  iron  ore  near  Little  Lake  found  rock  at  a  depth  of  about  250  feet.  A 
well  at  S.  C.  Miller's,  in  the  southwestern  part  of  sec.  35,  T.  47  N.,  R.  25  W.,  at  an  alti- 
tude of  about  1,150  feet  above  tide,  is  205  feet  in  depth,  and  strikes  water  at  191  feet.  It 
was  mainly  through  sand,  though  there  is  a  little  clayey  material  near  the  surface.  The 
water  does  not  rise  above  the  level  at  which  it  was  struck.  Mr.  Miller  has  a  shallow  well 
only  18  feet  in  depth,  which  gives  out  in  dry  seasons.  A  neighboring  well  on  the  farm  of 
James  Kindlen  is  184  feet  in  depth ,  in  it  the  water  stands  at  164  feet  below  the  surface.  Tlie 
altitude  is  slightly  lower  than  at  Miller's,  being  probably  1,130  feet  above  tide.  This  well 
is  thought  to  have  struck  bed  rock  at  the  bottom,  though  it  may  perhaps  have  been  merely 
a  cemented  crust  in  the  drift,  for  the  Miller  well  penetrated  a  crust  at  186  feet.  Both  these 
deep  wells  are  on  a  prominent  moraine,  about  2  miles  northeast  of  Sands  station,  on  the 
Chicago  and  Northwestern  Railway.  A  few  miles  farther  north,  on  the  same  moraine,  a 
well  was  made  some  years  ago  at  Frazier's  lumber  camp,  in  sec.  21,  T.  47  N.,  R.  25  W., 
190  feet  in  depth,  which  penetrated  only  gravel  and  sand.  It  is  at  an  altitude  of  over  1,200 
feet.  Near  this  well  in  the  southwestern  part  of  section  16,  at  an  altitude  only  a  few  feet 
lower,  is  a  shallow  dug  well  having  water  standing  within  10  feet  of  the  surface,  thus 
repeating  the  conditions  noted  at  the  Miller  wells. 

On  a  moranic  ridge  west  of  Mangum  are  several  wells  80  to  SO  feet  deep  on  the  farms  of 
James  Barry,  Carl  Whitler,  William  Preab,  and  Mr.  Huebner.  They  penetrate  a  large 
amount  of  white  sand,  but  in  some  cases  pass  through  a  thin  bed  of  bowlder  clay  at  the  sur- 
face and  another  near  the  bottom  of  the  well. 

In  the  vicinity  of  Skandia  wells  are  30  to  50  feet  in  depth  and  in  .sonie  cases  enter  rock 
near  the  bottom. 

PUBLIC  WATER  SUPPLIES. 

About  half  the  population  of  the  Northern  Peninsula  is  found  in  cities  and  villages  pro- 
vided with  public  water  supply.  The  sources  of  supply  set  forth  in  the  table  below  are 
chiefly  from  surface  water,  only  a  few  villages  drawing  a  public  supply  from  wells.  This 
is  a  natural  condition,  in  view  of  the  contiguity  of  large  bodies  of  fresh  water,  and,  in  most 
the  supply  is  fully  as  good  as  can  be  obtained  from  underground  sources.    The 


principal  danger  appears  to  be  that  of  sewage  oontammation  around  the  intake  pipes,  al^ 
this  may  be  guarded  against  by  placing  these  pipes  out  of  reach  of  the  sewage.  ■ 
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Municipal  and  instittUional  xoater  supplies. 


Town. 


I  Poptila-     Ownor- 
tion,ig00.|    ship. a 


Atlantic  mine I     ±  3, 000  |        P. 


Baraga UKi 

BayMills '  1,000 

Beacon '  ±1,500 

Bessemer |  3.911 

Blaney ■  ±    300 


Crystal  Falls. 
Dollar  Bay... 


Escanaba 

Ewen 

Garden 

Gladstone 

Grand  Marais.. 
Hancock. 


Houghton 

Iron  Mountain.. 


Iron  River. . 
Ironwood. . . 


Ishpeming 

Lake  Linden 

L'Anse 

Laurium  and  Red  I 
Jacket. 

Mackinac  Island. . .' 

Manistlque 

Marquette 


State  prison . 
Menominee.. 


Munising 

Negauneo 

Newberry 

State  asylum . 
Norway 


3,231 
±1,500 

0,549 
500 
405 
3,380 
2,000 
4,050 

3,359 

9,242 

1,482 
9,705 

13,255 

2.697 

620 

10.311 

665 
4,126 
10,058 

C300 
12,818 

2,014 

6.935 


I 


1,421 
<r600  I 
4,170  I 


Ontonagon 

Palmer 

Quinnesec 

Rapid  Rlvor  ami 
Miisonvillo. 

Republic 


.,267, 
790 
(iOO  , 
±1.200  i 

±2,rA\0  I 


Rockland ±1,(XKJ 

St.  Ignace 2.271  i 

Sault  Sto.  Mario.. . .       10.:.;w 


Stambaugh. 

Vulcan 

Wakefield . . . 


P. 
P.: 
M.? 

M. 

1*. 

M. 

P. 

P. 
M. 
M. 
M. 
M. 
M. 


P. 

M.? 

P. 

M. 
M. 
M. 

P. 

P. 
M. 
M. 

St. 
P. 

M. 


M. 

St. 
M. 

M. 

P. 
M. 
M. 

M.? 
P. 
M. 
M. 


Source. 


System. 4^ 


Cr«?ekand  well. 


Keweenaw  Bay 

Whiteflsh  Bay 

(?) 
Springs    and    im- 

poimded  water. 
Creek 


Impounded  water. 


T. 


Little  BaydeNoc. 

Flowing  wells 

Rock  wells,  104-220  feet 
Little  BaydeNoc.... 

Lake  Superior 

Filter  gallery 

Springs 


D. 


Infiltration  wolls 

Iron  River 

Montreal  River 

Small  lake 

Well  and  creek 

Spring-fed  creek 

Lake  Superior 

Lake  Huron 

Indian  Lake 

Lake  Superior 

Small  stream 

Green  Bay 

Springs,  and  Lake  Su- 
perior. 

Teal  Lake 

Tubular  wolis 

do 

I  Impounded  water 

I-^ke  Superior 

Springs  and  wells 

Mine  water 

Ro<-k  wells,  275  fc<'t . . . 

Springs  and  lake 

.Springs 

Lake  Huron 

Whiteflsh  Bay 

Inm  River 


2,000  ' Impounded  water. 

1,191  M.        I  Sandy  Lake 


D. 


D. 


RQCDftrlEa. 


P«rt!at    doinoatlc 
from  well. 


■ujtjilr 


Hydr&nta  tot  tin. 
Springs  for  do^neatlc  u«l 

Oiwralfd  by  lumJwr  com- 
pany. 

h\1!io  jiupplles  Vulcan. 

Partial  distTibution  for  em- 
pi  oy^is  of  Lake  Superior 
Mining  Co. 

Fitt ration  worki  pliwaed. 
PartiaT  ftyaLrin. 


Manual  American   Wator- 

worlfs. 
R<;s<!rvoini^  high   pjreutin 

and  low  presitire. 

Th«    wella    are    developed 
springs. 


Manual  American  Water- 
works. 

Do.  • 

Do. 

Do. 

Do. 


Runs  to  reaenroir  In  city. 

High  parts  of  dty  have  pri- 
vate tanks. 


Manual  American  Water- 
works. 

Lake   Superior   for   emer- 
gency. 

Manual  American  Water- 
works. 

Data  given  above. 

Do. 

Manual  American   Water- 
works. 
Do. 
Partial  system^ 
riiiefly  Cre  protection. 

Fire  hydrants  on  flo^ir^ 
wells. 

Installed  in  1906. 

Partial  system. 


Base  of  tank  114  feet  above 
I      Lake  Superior. 

Manual  American   Water- 
works. 

.    Supplied  from  Norway. 

.  I  Fire  protection. 


•Abbreviations  under  ownership  as  follows:  P-- Private;  M»MunicipaI;  St.^State. 
^Abbreviatifms  under  system  aH  follows:  T'=Tank  or  standpi[)e;  B  =  Op<'n  reservoir;  Oi-Oravity: 
D-Direct  pressure;  WM=  Windmill.  «■  Population  in  1906. 
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QUALITY  OF  WATER. 

Analyses  of  Lake  Superior  water  have  been  published  by  the  State  geologist  in  the 
annual  report  for  1903,  pages  113  to  118,  and  analyses  of  water  from  Green  Bay  on  pages 
119  to  120,  while  several  analyses  of  Lake  Michigan  water  appear  in  Water-Supply  Paper 
Xo.  31  of  the  United  States  Geological  Survey.  The  sanitary  analysis  of  a  flowing  well  at 
Menominee  also  appears  in  the  annual  report  of  the  State  geologist  for  1903,  pages  121  to 
122.  It  appears  from  these  analyses  that  the  hardness  of  the  waters  in  Lake  Michigan  and 
Green  Bay  is  about  twice  that  of  Lake  Superior,  being  7°  to  9®  or  more  on  Clark's  scale, 
while  on  Lake  Superior  it  is  only  about  3°  in  several  of  the  analyses. 


DRAINAGE  OF  WET  LANDS  IN  ARKANSAS  BY  WELLS. 


By  A.  F.  Crider. 


INTRODUCTION. 

The  disposal  of  surface  waters  and  sewage  in  level  countries  where  there  is  insufficient 
natural  drainage,  has  long  been  a  serious  problem,  and  one  that  is  becoming  more  pressing 
as  the  country  becomes  more  thickly  settled. 

The  method  of  drainage  into  the  underlying  subsoil  by  means  of  wells  is  not  new,  althougb 
little  practiced  in  the  United  States.  It  has  long  been  successfully  used  in  the  low  provinret 
of  France,  and  it  was  tried  in  Michigan  as  long  as  twenty-five  years  ago.  Here,  however, 
it  was  found  to  be  impracticable,  at  least  so  far  as  the  subsoil  and  shallow  wells  were  con- 
cerned. Later,  success  was  attained  by  the  use  of  deep  wells.  Such  wells  will  often 
penetrate  sandy  strata  into  which  the  water  from  overlying  strata  can  be  drained,  tbiu 
lowering  the  ground-water  level.  In  the  Coastal  Plain,  where  there  are  numerous  porous 
strata  of  sand  alternating  with  beds  of  clay,  the  possibility  of  reclaiming  swampy  districts 
by  such  well  drainage  is  promising  and  at  least  deserves  a  thorough  test. 

WELL  DRAINAGE  IN  OTHER  STATES  THAN  ARKANSAS. 

DRAINAGE  BY   WELLS   IN   MICHIGAN. 

On  the  retreat  of  the  glaciers  a  large  part  of  Canada  and  the  northern  United  States  was 
left  covered  with  glacial  accumulations.     In  places  large  areas  were  left  with  a  very  irregoUr 
surface,  marked  by  numerous  sink  holes,  ponds,  and  lakes.    The  glaciated  area,  in  place«i    I 
had  little  relief,  no  that  many  of  these  ponds  and  lakes  are  still  undrained.  ' 

In  the  spring  the  heavy  rains  and  melting  snows  fill  these  undrained  depreasions  to  * 
depth  depending  on  the  area  drained  and  the  amount  of  precipitation.    Many  of  the  larg^' 
ponds  contain  more  or  less  water  throughout  the  year.    The  soil  in  these  depreasions  *• 
very  fertile,  and  when  drained  becomes  of  great  value  for  farming.     An  attempt  was  ma^* 
alx)ut  twenty-five  years  ago,  in  Parma  Township,  Jackson  County,  Mich.,  to  drain  one  ^ 
these  depressions  into  the  subsoil  underlying  the  surface  hardpan.    The  attempt  failed' 
but  within  the  last  few  years  a  large  number  of  ponds  in  Jackson  County  have  been  drain^^ 
into  the  underlying  porous  strata  by  means  of  di'ep  wells.    The  methods  used  and  result 
obtained  have  l)een  de8cril)ed  by  Robert  E.  Horton  in  Water-Supply  Paper  No.  145,  j 
30  to  39.     Mr.  Horton  descril)es  a  deep-drain  well  on  Fred  Watkins's  place  in  Parff^^ 
Township.     The  well  is  located  in  the  center  of  a  jwnd,  which  drains  about  35  acres  ^^ 
sloping  tilled  land  of  permeable  gravelly  loam.    The  water  covered  an  area  of  about  ^  ^ 
acres,  and  ran»ly  dried  up.     When  first  drilled,  the  well  was  stopped  in  the  fi ret  water  be^^ 
at  a  depth  of  nlx^ut  9()  feet,  and  the  unprotected  open  pipe  was  allowed  to  project  upwaP^^ 
in  the  water  near  the  surface.     Tlie  water  was  drawn  down  very  rapidly  at  first,  but  wv^ 
.soon  greatly  checked  by  organic  material  which  clogged  the  pi|H'  and  perhaps  the  wate-^ 
l)ed  at  the  lx)ttora  of  the  well.    Two  months  of  flow  failed  to  drain  the  pond.    This  result 
bfMug  unsatisfactory,  the  well  was  drilled  to  a  depth  of  170  feet  and  the  top  of  the  pip^ 
I)rotect«d  with  a  screen.     In  a  short  time  the  pond  was  completely  drained. 
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DRAINAGE   BY   WELLS   IN   OEOROIA. 

During  the  summer  of  1903  Mr.  S.  W.  McCallie,  in  ^cooperation  with  the  United  States 
Geological  Survey,  made  some  valuable  experiments  in  Quitman,  Ga.,  on  the  drainage  of 
sewage  into  deep  wells. 

A  well  was  bored  to  improve  the  city's  water  supply.  At  a  depth  of  123  feet  the  drill 
entered  an  apparent  opening  in  the  limestone  6}  feet  deep  and  the  water  immediately  rose 
to  within  77  feet  of  the  surface.  Efforts  were  made  to  lower  it  by  continuous  pumping, 
but  without  success.  It  was  likewise  found  that  large  volumes  of  water  could  be  forced 
into  the  well  without  raising  the  static  head  above  77  feet  below  the  surface.  The  well  was 
then  bored  deeper  and  a  second  water-bearing  horizon  encountered  at  a  depth  of  321  feet. 

To  test  the  carrying  capacity  of  the  upper  water-bearing  stratum,  a  second  well,  6  inches 
in  diameter,  was  bored  near  RusselFs  pond,  a  stagnant  pool,  the  water  from  which  was 
drained  into  the  well.  About  one-half  million  gallons  of  water  were  drawn  down  in  a  few 
hours  without  raising  or  lowering  the  static  head  of  the  water,  which  stood  at  77  feet 
below  the  surface. 

The  town  authorities  concluded  that  the  underground  water  course  could  be  used  for 
cftfiying  away  the  city's  sewage.  The  results  of  an  elaborate  experiment  carried  on  by 
Mr.  McCallie,  however,  proved  conclusively  that  a  pollution  of  the  other  wells  would  result 
from  such  a  procedure,  and  the  proposed  disposition  of  the  sewage  was  therefore  abandoned. 

DRAINAGE  BY  WELLS  IN  ARKANSAS. 

In  the  Coastal  Plain  of  northeastern  Arkansas  are  millions  of  acres  of  flat  lands,  occupied 
by  swamps,  old  sloughs,  and  shallow  lakes.  Thousands  of  acres  of  this  area  are  covered 
with  water  in  the  spring  and  early  summer,  and  thereby  made  worthless  for  agricultural 
purposes.  Attempts  have  been  made  in  a  few  instances  to  drain  small  portions  of  this  area 
by  means  of  deep  wells,  but  the  difficulties  encountered  have  not  been  overcome,  and  the 
success  of  the  work  is  still  much  in  doubt. 

TOPOGRAPHY   OF  THE   AREA. 

The  area  of  northeastern  Arkansas,  extending  from  the  Paleozoic  hills  to  Mississippi 
River,  is  a  level  plain,  with  a  minimum  elevation  of  about  100  feet  at  the  mouth  of  Arkansas 
River  on  the  south  and  of  296  feet  near  the  Missouri  line.  The  monotony  of  the  surface 
is  broken  by  Crowleys  Ridge,  a  low  swell,  from  1  to  12  miles  wide,  extending  from  Commerce, 
Mo.,  to  Helena,  Ark.  The  highest  points  of  the  ridge  are  about  120  to  140  feet  above  the 
flat  lands  on  either  side. 

West  of  the  ridge  the  country  is  diversified  with  wooded  lands,  prairies,  and  broad  swells 
15  to  20  feet  above  the  general  level.  These  low  ridges  have  a  general  north-south  direction 
roughly  parallel  to  Crowleys  Ridge.  The  region  is  drained  by  White  River  and  its  tribu- 
taries. Black,  Cache,  and  L'Anguille  rivers.  East  of  the  ridge  the  country  is  much  flatter. 
St.  Francis  and  Mississippi  rivers  are  the  only  streams  of  any  importance.  The  St.  Francis 
and  its  tributaries  are  very  crooked  and  have  very  little  grade.  In  many  places  near  the 
Missouri  line  St.  Francis  River  is  little  more  than  a  series  of  broad  lakes.    The  country  is 

known  as  the  '* sunken  lands"  of  St.  Francis  River.    The  numerous  lakes  were  caused  by 

the  earthquakes  of  1811  and  1812. 
After  a  long  rainy  season  the  country  east  of  Crowleys  Ridge  is  completely  inundated. 

There  is  not  enough  drainage  to  carry  off  the  water  in  rainy  seasons,  so  it  collects  in  the 

'ower  lands  and  often  remains  for  months.    The  great  amount  of  water  is  a  hindrance  in 

the  spring  to  putting  in  the  crops,  and  occasionally  destroys  them  after  they  have  become 

Btore  or  less  mature. 
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CHARACTER  OP  SURFACE  STRATUM. 


A  large  area  adjacent  to  Crowleys  Ridge  on  the  west  and  a  narrow  fringe  on  the  east 
have  a  thin  surface  stratum  of  light-gray  sandy  clay  nearly  impervious  to  water  and  ood- 
taining  numerous  nodules  of  limonite.  Along  the  present  streams  and  old  water  courses 
of  the  entire  region,  the  limonitic  hardpan  has  been  removed  or  covered  with  stream  allu- 
vium, consisting  of  fine  silt  and  sand.  The  clay,  therefore,  where  not  present  as  a  surfsce 
stratum,  spreads  over  the  region  as  a  subsoil.  The  nodules  of  limonite  and  the  impervious 
clay  soils  have  given  rise  to  the  terms  "buckshot"  and  "slash  lands."  On  the  higher 
ridges,  the  clay  loam  is  very  similar  to  the  Columbia  formation,  and  is  doubtless  the 
reworked  product  of  the  loess  and  Columbia,  which  are  present  on  the  top  and  sides  of 
Crowleys  Ridge. 

CHARACTER  OP  THE   UNDERLYING   STRATA. 

Tlie  material  underlying  the  surface  hardpan  consists  of  interstratified  beds  oTotnds  and 
clays.  The  following  are  typical  well  sections,  which  show  the  relations  of  the  strata 
underlying  the  surface  clay: 


TXipelo. 
Jackson  County 


Tomberiina. 
Lonoke  County 


0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
no 
120 
IX> 
140 


Sand  arid  ctay 

Sand 

Hardpan 

Sand 

Hardpan 
Sand 


Red  clay 


Red  and  white 
sand 


Clay 

Watc^'Dcarinft 
sand 

Clay 

WaleivbcarinA 
sand 


Haxen. 

frairie  County 

Yellow  clay 
Red  clay  and  awid 


Cross  County 


il 


White.t»uthcl«y 
Red  clay 
Vlarieteted  tenet 
water  bear' 


Rnc  white  sand 

M  Black  and  white 
1^  saltwater" 

.V  ..  White  sand  and 
iCftM  ^ve^  water  beorini 


Fig.  4.  -Woll  sections  west  of  Crowioys  Hidgo  in  Arkansas,  showing  the  variation  of  the  strata  af^ 
th«  source  of  the  woll  waters  in  different  localities.    The  Tupelo  section  is  after  Purdue. 


DEPTH   OF  8TANDINO   SURFACE   WATER. 

The  depth  of  the  water  on  the  lowlands  depends  on  the  amount  of  rain  and  the  elevatio^ 
of  the  area  compared  to  the  surrounding  country. 

The  average  amount  of  rainfall  of  northeastern  Arkansas  is  usually  between  40  and  99 
inches  a  year.  After  weeks  of  continuous  rain,  especially  in  the  spring,  the  streams  become 
swollen  and  the  water  often  covers  the  lowlands  to  a  depth  of  1  to  10  feet. 

In  May  and  June,  1905,  much  of  the  country  between  Blytheville  and  Jonesboro  was 
covered  with  water  to  a  depth  of  from  6  inches  to  2  feet.  West  of  Crowleys  Kidge,  between 
Joneiiboro  and  Wynne,  is  a  flat  swampy  area  which  is  usually  covered  with  a  thin  sheet  of 
water  that  rarely  dries  up  early  enough  in  the  spring  to  jHTmit  cultivation.  In  this  region 
deep-well  drainage  has  been  tried. 

UEIGHT  OF  THE   WATER  TABLE. 

The  height  of  the  water  table  varies  in  different  parts  of  the  area  and  in  different  seasons 
of  the  y(?ar.  There  are  in  most  pla<'es  three  water  horizons,  the  first  at  a  depth  of  18  to 
20  feet,  the  st^cond  at  from  30  to  40  feet,  and  the  third  at  from  50  to  60  feet.  Water  in 
most  places  is  obtained  at  the  base  of  the  surface  clay  loam. 

During  the  dry  season  of  the  year  the  water  rises  in  the  wells  to  within  12  to  15  feet  of 
the  surface;  in  the  wet  season  it  stands  within  3  to  5  feet  of  the  surface,  and  occasionally 
rises  to  the  top. 
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NUMBER  OF  WELLS   NECESSARY  TO  DRAIN   AN   ACRE. 

The  well  owned  by  Fred  Watkins,  in  Parma  Township,  Jackson  County,  Mich,  (see  p.  — ), 
drains  about  35  acres;  but  this  is  in  the  center  of  a  depression,  and  the  water  has  a  ten- 
dency to  collect  about  the  mouth  of  the  well.  In  Arkansas  the  conditions  are  somewhat 
different.  The  entire  country  on  which  the  water  stands  is  practically  level.  It  is  hardly 
possible  that  one  well  will  drain  so  large  a  territory  where  the  area  is  level.  It  is  estimated 
by  an  experienced  well  digger  at  Harrisburg,  Ark.,  that  it  will  require  about  four  12-  to 
16-inch  weUs  to  drain  an  acre,  or  one  well  to  each  quarter  of  an  acre.  This  estimate,  how- 
ever, is  doubtless  too  large.  A  fairer  estimate  would  be  one  12-  to  16-inch  well  to  the  acre, 
and  this  would  bring  drainage  within  reach  of  all. 

After  a  period  of  four  to  six  months  the  wells  are  apt  to  become  clogged  and  cease  to 
carry  off  the  water,  but  the  silt  and  debris  can  often  be  removed  from  a  12-  or  16-inch  well 
w4th  a  sand  bucket  and  the  well  be  restored  to  its  former  carrying  capacity. 

COST  PER   ACRE. 

The  cost  of  putting  down  the  wells  depends,  of  course,  on  their  depth.  A  12-  to  16-inch 
well  can  be  bored  and  curbed  with  wood  for  50  cents  per  foot.  This  is  the  cheapest  well, 
and  is  doubtless  as  good  as  any  other  for  drainage  purposes.  Wells  of  this  class  usually 
can  easily  be  cleaned  out  with  a  sand  bucket  when  they  become  clogged  with  silt  and 
vegetable  matter. 

The  first  sands  encountered,  immediately  underlying  the  surface  hardpan  or  clay,  are 

sufficiently  porous  to  carry  off  the  surface  waters.    The  hardpan  varies  in  depth  from  10 

to  40  feet  over  the  larger  part  of  the  wet  areas.    The  minimum  cost,  therefore,  of  a  12-  to  16- 

loch  well,  curbed  with  wood,  is  $5  and  the  maximum  cost  $20.    There  must  be  added  to 

^^is  the  cost  of  tile,  ditching,  and  laying  of  tile.    The  cost  of  tile  varies  greatly,  according 

^0  its  size  and  the  distance  from  the  factory.    An  average  price  for  all  sizes  is  about  $12 

Pci*  thousand.     But  the  smallest  tile  would  be  large  enough  to  carry  off  the  water,  and  the 

pnce  per  thousand  would  therefore  be  much  less  than  $12.     So  far  as. known  no  tile  has 

^n  used  in  carrying  water  to  the  drain  wells,  and  the  amount  of  tile  necessary  to  drain 

Ml  acre  is  not  known. 

VALUE  OF  DRAINAGE. 

When  the  land  is  drained  it  is  very  desirable  for  corn,  cotton,  and  alfalfa.    Similar  land 

w  found  in  southeastern  Missouri  east  of  St.  Francis  River,  where  a  large  area  has  been 

drained  by  means  of  canals.     Dredge  boats  were  used  to  open  up  the  main  canals,  at  State 

^d  national  expense,  and  the  landowners  then  cut  small  canals  to  drain  into  the  larger 

ones.    The  land,  which  could  have  been  bought  for  from  $1.50  to  $3  an  acre  before  it  was 

drained  is  now  selling  at  from  $50  to  $100  an  acre.    Similar  results  could  be  expected  in 

Arkansas  if  deep-well  or  surface  drainage  could  be  perfected.     Before  the  land  is  drained 

it  is  practically  worthless,  except  in  very  dry  seasons.    After  it  is  thoroughly  drained  it 

will  produce  to  the  acre  from  75  to  100  bushels  of  com  or  four  to  five  cuttings  of  about 

1  tOD  of  alfalfa  which  readily  sells  for  $10  a  ton. 

RESULTS   OF   EXPERIMENTS. 

Well  drainage  in  Arkansas  has  been  considered  impracticable,  owing  to  the  large  amount 
of  day  in  the  surface  soil,  which,  when  taken  into  solution  and  permitted  to  enter  the 
well,  silts  up  the  water-bearing  sands  and  prevents  further  escape  of  the  water.  The 
experiments  made  have  not  on  the  whole  been  successful.  No  effort  has  been  made  to 
overcome  the  difficulty,  but  it  could  be  obviated  by  digging  a  series  of  settling  pools  into 
which  the  water  from  the  surrounding  land  could  be  drained  and  permitted  to  settle  before 
it  entered  the  well.  The  number  of  pools  would  depend  on  the  amount  of  clay  in  the  soil. 
The  greater  the  amount  of  clay  the  greater  the  amount  of  material  which  would  be  taken 
into  solution  and  the  more  settling  it  would  require  to  clear  the  water.    Doubtless  two  ori 
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throe  pools  would  be  a  sufficient  number  t^  clear  the  water.  The  water  from  the  sur- 
rounding land  should  be  pennitted  to  enter  only  one  of  the  pools  and  then  should  be  con— 
veyed  to  the  second  and  third  by  meaas  of  pipes  or  open  troughs  near  the  tops  of  the  pools  , 
the  water  flowing  out  of  a  pool  on  the  opposite  side  from  which  it  entered.  In  this  way 
it  would  have  a  chance  to  settle.  The  well  should  be  located  in  the  third  or  last  pool, 
with  the  open  pipe  projecting  upward  near  the  surface  of  the  water.  The  well  should  be 
curbed  to  prevent  the  water  which  enters  it  from  becoming  impregnated  with  clay. 

SANITARY  EFFECTS  OF  WELL*  DRAINAGE. 

In  the  United  States  few  experiment^)  have  been  made  in  regard  to  the  sanitary  effects 
of  draining  surfacx;  waters  into  underground  water  beds,  the  only  authentic  experiment 
being  that  made  by  Mr.  S.  W.  McrCallie  at  Quitman,  Ga.,  in  which  he  found  that  there 
was  an  intimate  relation  between  wells  in  the  same  vicinity  deriving  their  waters  from 
the  same  geologic  horizon,  and  that  the  pollution  of  the  first  water-bearing  bed  at  a  depth 
of  123  feet  of  the  surface  likewise  contaminated  the  water  in  the  second  bed  at  a  depth 
of  321  feet. 

Large  bodiei)  of  stagnant  water  highly  impregnated  with  organic  matter  should  not  be 
drained  into  underground  wat4?r  horizons  which  supply  the  wells  of  a  community  with 
drinking  water.  It  is  quite  probable  that  in  northeastern  Arkansas  the  surface  water 
could  be  drained  into  tlie  first  or  second  sands  from  the  surface,  and  the  drinking  water 
be  obtained  from  a  nmch  lower  horizon  without  any  injurious  effects. 


'OTAL  AMOUNT  OF  FREE  WATER  IN  THE  EARTH'S  CRUST. 


Bj  Mybon  L.  Fuller. 


INTRODUCTION. 

The  problem  of  the  amount  of  water  in  the  earth's  crust  is  of  paramount  interest  to 
Irillers  and  others  seeking  deep  underground  supplies,  as  well  as  to  those  interested  in  the 
»rob1ems  of  underground  circulation  a3  affecting  mining.  Probably  no  other  question  is 
o  frequently  asked  in  the  field  as  that  in  regard  to  the  water  zone  which  most  people  sup- 
xne  to  exist  somewhere  below  the  surface  and  which  they  invariably  believe  will  always 
ye  found  if  a  well  only  "  goes  deep  enough."  The  present  paper  considers  the  subject  of  the 
:^>tal  free  water  in  rocks  of  various  types,  incidentally  showing  the  absence  of  the  immense 
'  undeiiground  lakes"  of  popular  imagination. 

By  free  water  is  meant  the  water  which  occupies  the  joints,  solution  passages,  pores,  or 
other  openings  of  the  rock.     It  should  be  carefully  distinguished  from  the  chemically  com- 
bined water  in  the  minerals  of  the  rocks.    The  free  water  is  present  in  the  form  of  a  liquid 
which  possesses  a  more  or  less  definite  circulation  even  in  the  densest  rocks,  while  the  water 
in  combination  is  not  in  liquid  form,  but  is  a  part  of  the  mineral  compound  itself.    The  free 
water  should  also  be  distinguished  from  the  available  water,  since  some  materials,  like  clay, 
hold  great  quantities  of  water  and  yet  often  give  up  only  insignificant  amounts.     It  is  in 
f&ct  possible  for  a  rock  to  hold  35  or  40  per  cent  of  water  and  yet  yield  almost  none  to  a 
pump;  that  is,  almost  none  of  its  water  is  available. 

From  the  nature  of  the  case  the  discussion  necessarily  deals  with  average  conditions,  as 
local  conditions  vary  so  greatly  and  so  rapidly  that  generalizations  of  value  can  not  be  made 
from  isolated  regions.  While  it  is  believed  that  the  present  estimate  of  the  amount  of 
underground  water  is  fairly  close  for  the  earth  as  a  whole,  it  is  to  be  expected  that  the 
*niount  in  certain  materials  and  at  certain  localities  will  depart  considerably  from  the  figures 
given. 

PREVIOUS  ESTIMATES. 

ESTIMATE  OF  DELES8B. 

^the  many  estimates  of  the  total  ground  water  that  of  Delesse  a  is  among  the  most  widely 
quoted,  possibly  because  of  the  striking  results  reached.  The  estimate  is  based  on  the 
'^mption  that  the  water  in  locks  diminishes  from  5  per  cent  of  their  weight  or  12J  per 
^ni  of  their  volume  at  the  surface  to  nothing  at  a  depth  of  6  miles,  and  that  water  may  exist 
iQ  liquid  form  at  a  temperature  of  600°  C,  which  was  considered  as  equivalent  to  a  depth 
^  1^,^  meters.  Under  these  conditions  the  amount  of  ground  water  is  calculated  as 
^'^75,089  million  million  cubic  meters  or  1,530,000  million  million  cubic  yards,  which  is 
^uivaleDt  to  gij  of  the  earth's  volume  or  to  a  sheet  water  over  7,500  feet  thick  surrounding 
the  earth. 

ESTIMATE  OF   SLIGHTER. 

^  the  attempts  made  in  America  to  estimate  the  total  ground  water  since  a  definite 
knowledge  of  the  porosities  of  rocks  has  been  available  that  of  C.  S.  Slichter  *  is  among  the 
°^  notable.  The  amount  postulated,  though  less  than  half  that  of  Delesse,  is  still  im- 
'^Qse,  being  equivalent  to  a  uniform  sheet  from  3,000  to  3,500  feet  in  thickness. 

JS^Iewe.  Achiile,  flaU.  See.  g^l.  France,  2d  aer.,  vol.  19, 1861,  p.  64. 

'  MotioDs  of  nndexgroand  wateti;  Water-Sup.  and  Irr.  Paper  jNp,  07,  U.  S.  Qeol.  Survey,  1902,  p.  14 
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As  a  basis  for  his  estimates  Slichter  has  taken  the  results  of  L.  M.  Hodkin8,a  acctd^ 
crediting  them,  however,  to  C.  R.  Van  Hise,b  whose  statements  were  in  reality  based  on 
calculations  of  Hoskins.  These  calculations,  to  summarize  them  briefly,  tended  to  s 
that  cavities  can  not  exist  at  depths  of  more  than  6,520  meters  when  water  free,  or,  w 
occupied  by  waters  under  hydrostatic  pressure,  at  depths  of  more  than  10,350  meters. 

Slichter  says: 

The  writer  estimates  the  entire  amount  to  be  about  565,000  million  million  cubic  yards,  or  a 
430.000  million  million  cubic  meters.  He  has  arrived  at  this  result  by  considering  that  the  geo 
limit  of  the  existence  of  ground  water  is  at  an  average  depth  of  6  miles  below  the  surface  of  the  lan(] 
5  miles  below  the  floor  of  the  ocean.  The  land  surface  and  water  surface  he  has  assumed  to  be  52^1 
square  miles  and  144,700,000  square  miles,  respectively.  The  average  pore  space  of  the  surface  i 
which  is  occupied  by  water  or  moisture  he  has  taken  as  10  per  cent  of  their  total  volume.  He  bd 
that  the  estimate  of  10  per  cent  is  too  large  rather  than  too  small.  It  forms,  however,  a  oonvei 
basis  for  the  estimates. 

According  to  these  estimates,  the  total  amount  of  underground  water  is  sufUcient  to  cover  the  e 
surface  of  the  earth  to  a  uniform  depth  of  from  3,000  to  3,500  feet.  Assuming  a  mean  depth  of  the  c 
of  12,000  feet  leads  to  the  conclusion  that  the  total  amount  of  oceanic  water  is  about  1,800,000  ml 
million  cubic  yards,  so  that  the  total  quantity  of  ground  water  is  nearly  one-third  the  amount  o 
oceanic  water. 

ESTIMATE  OF   VAN    HISE.C 

Van  Hise's  estimate  is  the  most  moderate  yet  made .  Taking  one-flf th  of  Dana's  estimi 
(2.67  per  cent  of  the  weight  of  the  rock)  of  the  amount  of  water  in  the  rocks  at  the  sui 
and  assuming  the  pore  space  to  diminish  to  zero  at  the  lower  limit  of  the  zone  of  fractui 
10,000  meters,  he  obtained  an  average  porosity  of  0.69  per  cent,  which  would  be  equiva 
to  a  sheet  69  meters,  or  226  feet,  thick  over  the  continental  areas.  No  computations  y 
made  regarding  the  oceanic  areas. 

ESTIMATE  OP   CHAMBERLIN   AND   SALISBURY. 

The  estimate  of  T.  C.  Chamberiin  and  R.  D.  Salisbury, «  while  not  based  on  anything 
a  complete  analysis  of  the  problem  and  not  claimed  to  \)e  of  the  nature  of  a  measuremec 
of  interest  in  connection  with  the  discussion. 

The  estimate  is  based  on  the  assumption  that  the  average  porosity  of  rocks  is  betwe 
and  10  per  cent  of  their  volume  at  the  surface  and  decreases  to  0  at  a  depth  of  6  miles.  \ 
the  lower  value,  giving  an  average  porosity  of  2i  per  cent,  the  water  in  the  earth  woul' 
equivalent  to  a  layer  800  feet  deep  over  its  entire  surface,  while  with  an  assumed  porosit 
5  per  cent  it  would  form  a  layer  1,600  feet  in  depth. 

FACTORS  IN  ESTIMATES  OF  UNDERGROUND  WATERS. 

GENERAL   STATEMENT. 

As  a  more  intimate  knowledge  of  the  occurrence  of  subterranean  waters  of  the  Ud 
States  has  been  obtained  through  the  work  of  the  division  of  the  (reological  Survey  dei 
with  underground  waters,  it  has  l>ecome  clear  that  the  problem  is  not  as  simple  as  has  1 
postulated  by  previous  writers.  Not  only  are  there  certain  factors  affecting  the  pro! 
which  are  not  taken  into  account  in  earlier  computations,  but  a  more  careful  analysis  ol 
data  appears  to  show  that  a  closer  approximation  can  be  made  in  the  valuer  of  the  fac 
used.  It  is  believed  that  the  pore  space  of  the  rocks  has  been  overestimated  and  that 
assumptions  as  regards  complete  saturation  are  incorrect.  This  has  resulted,  it  is  thou 
in  estimates  considerably  in  excess  of  the  true  amount. 

The  more  important  factors  affecting  the  estimates  are  considered  in  detail  below.  N 
ing  need  l)e  said  in  regard  to  temperature,  which  was  once  thought  to  be  a  limiting  fa 
to  the  penetration  of  water,  as  it  has  been  shown  and  is  now  well  known  that  the  incr 


a  Flow  and  fractim'  of  rocks  ns  ivliited  to  structunv  Sixteenth  Ann.  Rvpi.  V.  S.  Gool.  Survey 
1 ,  1896,  pp.  846-875. 

ft  Trinciplea  of  North  Aniorican  pre-Cainbrian  geology:  Sixteenth  Ann.  Rept.  U.  S.  Geol.  Survej 
1 ,  1890.  p.  593. 

c  Van  Hisc,  C.  R.,  a  treatise  on  inotamorphisni:  Mon.  U.  S.  Geol.  Survey,  vol.  47,  1904,  pp.  128 
570-571. 

d  Dana,  J.  D..  Manual  of  Geology,  4th  ed.,  1895.  pp.  205, 311. 

<  Geology,  vol.  1,  pp.  206-207. 
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of  pressure  is  sufficient  to  prevc::^  i'\i  ccnveiclon  of  the  water  into  steam  at  temperatures 
under  the  critical  temperature,  beyond  which  point,  although  a  gas,  the  behavior  of  the 
water,  so  far  as  its  relations  to  the  rocks  are  concerned,  differs  but  little  from  its  behavior 
below  the  critical  temperature,  since  it  is  far  below  the  depth  of  critical  pressure. 

poROsmr  OP  rocks. 

The  absorptive  capacities  of  rocks  are  conunonly  expressed  in  terms  either  of  porosity  or 
of  the  ratio  of  absorption.  The  first  may  be  defined  as  the  percentage  of  pore  space,  while 
the  second  is  the  ratio  between  the  weight  of  wat^  absorbed  and  the  weight  of  the  rock 
tested.  The  relationship  between  porosity  and  ratio  of  absorption  is  not  constant,  but 
-varies  with  the  specific  gravity  of  the  rock.  The  tendency  of  the  most  advanced  workers 
is  to  state  porosity  rather  than  the  ratio  of  absorption,  but  in  the  table  given  below,  with 
the  exception  of  the  determinations  credited  to  Buckley,  all  figures  represent  recalculations 
from  the  ratios  of  absorption.  The  determinations  of  Buckley  are  the  most  recent  and  are 
probably  the  most  accurate  of  those  quoted,  but  being  limited  to  the  rocks  of  a  single  State 
are  in  some  ways  not  so  representative  as  those  taken  from  the  book  of  Professor  Merrill, 
in  which  the  results,  which  appear  to  have  been  the  work  of  several  different  laboratories, 
cover  a  wider  range  of  rock  types.  Unfortunately  part  of  the  ratios  of  absorption  are  ex- 
pressed as  decimals  and  part  as  common  fractions,  but  no  explanations  are  given.  The 
common  fractions  only  have  been  used  in  the  present  computations,  as  the  decimals  taken  as 
they  are  expressed  in  the  book  give  results  manifestly  incorrect. 

In  connection  with  the  figures  credited  to  Delessc  and  Geikie  it  should  be  stated  that,  in 
the  absence  of  statements  of  the  specific  gravity  of  the  specimens  tested,  this  has  been 
assumed  throughout  to  be  2.65. 

Porosity  of  rocks. 


Rock. 

Authority. 

Number 
of  tests. 

Mini- 
mum. 

Maxi- 
mum. 

Average 
or  mean. 

Remarks. 

Granite,  schist,  and 
gniess. 

Do 

Buckley  « 

14 

22 

1 
2 

1 

16 

0.019 
.37 

0.56 
1.85 

0.16 

1.2 
.84 

1.01 
.52 

15.89 

10.22 

.8 

.21 

3.95 
4.85 

53 

7.18 
2.64 

35 

38 
45 
53 

5.5 

Wisconsin  rocks  only. 

MerrlUft 

Qabbro 

do 

Diabftae           

do 

.90 

1.13 

Obiidlan 

Delesse  « 

Specific     gravity     not 

Sandstone 

Buckley  a 

4.81 
3.46 

28.28 
22.8 

given. 
Mainly  brownstones. 

Do.             

Merrill  6 

Quartrite 

do 

1 

Do 

Giekled 

Specific     gravity     not 

SUt«  and  shale 

Delessec 

2 
11 



.49 
.53 

7.55 
13.36 



given. 

l^mertone,  marble, 
ud  dolomite. 

Chalk. 

Buckley  a 

Wisconsin  rocks  only. 

Oelkied 

Spedflc     gravity     not 

Oollt«.. 

Merrill^ 

8 

3.28 
1.32 

26 

35 
44 

12.44 
3.96 

47 

40 
47 

given. 
Indiana  stone  only. 

Gypwm. 

Qeikied 

Specific      gravity     not 

^*^  (uniform) 

Kin  jr « 

Many... 

....do... 
....do... 

given. 
Theoretical       porosity; 

Swd  (mixture).... 
CUy 

do 

.  ..do 

actual  results  similar. 

Do.. 

Geikie  d 

Specific      gravity     not 

8on«.. 

U.  8.  Dept.  Agr . . . 

Many... 

45 

65 

given 
Common  range. 

. 

•  Buckley.  E.  R.,  Building  and  ornamental  stones  (of  Wisconsin):  Bull.  Wisconsin  Geol.  Survey 

•«rrill,  Q.  P.,  Stones  for  Building  and  Decoration,  .Vppcndlx. 

j^Wse,  A.,  BuU.  Soc.  gfioL  France,  2d  scr.,  vol.  19,  1862,  p.  64. 

:2?We,A^Text-bookolGeology,vol.  l,p.  410.  _  ^^  ^        „     ^ 

r  «^K.  F.  H.,  Prindptoe  and  comtitions  of  the  movements  of  ground  water:  Nineteenth  Ann.  Rept. 
^  •  »•  (J«ol.  Burroy,  pt.  2, 1888,  pp.  200-215, 
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THICKNESS  OF  SEDIMENTS. 

Evidence  of  sections. — From  the  nature  of  their  occurrence  it  is  usually  very  difficult 
obtain  any  accurate  idea  of  the  thickness  of  the  sedimentary  rocks,  especially  in  the  flatti 
portions  of  the  surface  where  the  outerops  are  often  covered  by  drift  or  by  mantles  • 
residual  soil.  In  mountainous  regions,  especially  where  the  rocks  are  strongly  folded  < 
upturned  in  great  monoclines,  immense  thicknesses  are  sometimes  exposed.  A  sing 
section  recently  measured  by  C.  I).  Walcott  in  Montana  shows  about  40,000  feet  of  pn 
Cambrian  shales  and  limestones.  The  sediments  in  eastern  Pennsylvania  have  also  bee 
estimated  by  some  to  attain  a  similar  thickness,  but  in  the  western  portion  of  the  Stat 
they  are  pnibably  not  much  over  a  mile  thick.  In  Europe  the  sediments  in  the  Alps  n 
estimated  by  Judd  to  have  a  thickness  of  nearly  8  miles,  and  it  is  not  impossible  that  • 
great  or  greater  thicknessw*  arc  exposed  in  other  mountain  masses. 

Evidence  cfjaulis. — ^The  evidence  of  faults  is  of  interest  in  this  connection,  for  by  then 
sediments  previously  deeply  buried  have  frequently  been  brought  to  the  surface.  TIm 
thickness  exposed  is  generally  much  less  than  that  shown  in  folded  regions,  for  the  great 
e^t  fault.s,  such  as  those  of  the  Appalachians  of  this  country — one  of  which  is  estimate 
to  have  a  displacement  of  5  miles — are  often  inclined  at  a  low  angle  to  the  horizon  and  thi 
thickness  of  sediments  elevated  is  relatively  slight.  Even  if  the  greatest  faults  yet  recop 
nized  were  ^  ertical  the  strata  bnmght  up  would  be  thinner  than  in  sections  such  as  thcw 
measured  by  Walcott  in  Montana. 

Evidence  of  6ori7i^«.-v While  even  in  the  case  of  the  deepest  borings  only  a  little  over  i 
mile  of  sediments  has  been  penetrated,  they  are  of  interest  as  furnishing  accurate  dati 
concerning  the  underlying  beds  at  the  points  at  which  they  are  drilled.  The  deepes 
wells  are  those  sunk  in  Germany,  South  Africa,  and  the  United  States,  the  maximum  depth 
reached  being  6,572,  5,582,  and  5,575  feet,  respectively.  There  are,  however,  many  dee] 
wells  in  other  localities. 

Estimates  of  total  thickness. — Of  the  various  estimates  of  the  thickness  of  the  sedimentar 
beds,  one  of  the  earl'est  to  l)e  widely  quoted  was  that  made  by  J.  D.  Dana  «  in  1875.  H 
estimated  the  thicknei»  of  the  sediments  over  the  land  area  as  not  exceeding  5  milo 
which  would  l)e  equivalent  to  1.3  miles  over  the  whole  surface.  A  few  years  later  T.  Ml 
lard  Reade  stated  ^  that  a  moderate  estimate  of  the  sedimentary  crust  of  the  earth  : 
10  mile^,  but  on  a  later  page  c  says  it  may  safely  bo  provisionally  assumed  that  the  actui 
average  thickness  of  the  sedimentary  cnist  of  the  glol>e  is  not  less  than  a  mile,  an  estimal 
very  similar  to  Dana's. 

In  1894  G.  K.  Gilbert,'^  from  a  study  of  the  chemical  analyses  summarized  by  F.  ^ 
Clarke  ^  and  of  the  composition  of  sea  water,  calculated  the  amount  of  crystalline  rod 
necessary  to  furnish  the  s<:>dium  of  the  ocean.  His  conclusicms  were  ''that  somewhf 
more  than  a  mile  in  thickne^ss  of  crystalline  rocks  upim  areas  equal  to  all  the  present  1*0 
of  the  globe  must  have  been  worked  over  to  give  our  sedimentary'  rocks."  Allowing  fc 
an  increase  of  one-third  in  volume,  this  would  Imj  equivalent  to  li  miles  of  sediments  overth 
land  or  about  one-third  of  a  mile  over  the  whole  surface.  Nothing  is  said  of  the  sodiiu 
locked  up  in  undecomposed  crystalline  fragments  in  the  sediments,  as  in  the  Carboniferoii 
conglomerattis  and  in  the  arkoso  sands  of  the  Potomac  (Cretaceous),  as  well  as  in  smalk 
quantities  in  nearly  all  sedimentary  rocks,  if  this  was  not  considered  in  the  estimal 
something  .should  be  added  to  the  figures  given  by  GilU^rt,  but  in  any  case  it  is  clear  thf 
the  result  would  lie  something  less  than  half  a  mile  of  sediments  over  the  whole  surfac 
of  the  earth. 

Recently  F.  W.  Clarke  luus  made  a  similar  calculation  on  the  basis  of  the  sodium  chloric 
in  .sea  water,  reaching  the  conclusion  that  the  total  thickness  of  the  sediments, if  distributi 


a  Manuiil  of  Clcology.  2.1  ihI..  1S75,  p.  (w7. 

ft  Chemical  Denudalion  in  Kolatioii  lo  (loolo^ic  Timp,  1S7»,  p.  L»9. 
c  ()p.  Clt.,  p.  .W. 

d  Thf  chemical  oquivnlcnco  of  crj-slalline  and  scdimentarv  rocks:  Am.  GeologUt,  vol.  13,  18M.  t 
213-214.  »    «^  I 

«  Bull.  U.  8.  Oeol.  Survey,  No.  78,  1«)1,  pp.  34-42. 
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over  the  earth's  surface  as  a  whole,  would  be  only  about  half  a  mile.  The  details  of  the 
calculation  and  the  results  will  be  published  soon. 

C.  R.  Van  Hise,  in  his  Treatise  on  Metamorphi8m,a  after  quoting  previous  writers, 
estimates  the  thickness  of  the  metamorphosed  sediments  at  2  kilometers  (1}  miles)  over 
Uie  land  surface,  which  is  equivalent  to  three-tenths  of  a  mile  over  the  entire  silrface  of 
the  earth. 

In  view  of  the  fact  that  later  refined  investigations  have  shown  that  the  thickness  of 
aedimentaiy  series  encountered  in  the  field  has  been  almost  invariably  overestimated  when 
first  studied,  it  seems  probable  that  the  figures  given  by  the  earlier  writers  must  be  con- 
sidered in  general  as  representing  maxinmm  estimates,  especially  as  considerable  thick- 
nesses of  sediments  have  sometimes  been  postulated  beneath  the  ocean  deeps.  The  best 
evidence  seems  to  show,  however,  that  except  in  the  continental  platforms  and  their 
extensions,  the  deposits  of  the  ocean  may  be  neglected  in  rough  computations  of  the  thick- 
ness of  sediments. 

It  is  believed  that,  in  view  of  the  general  tendency  to  overestimate  the  thickness  of 
exposed  rock  series  and  the  great  areas  in  which  crystalline  rocks  constitute  the  surface,  the 
estimates  postulating  a  thickness  of  sediments  of  from  three-tenths  to  one-half  mile  over 
the  whole  earth's  surface  are  most  probable.  In  the  present  paper  the  writer  has  taken 
approximately  one-half  mile,  or  2,600  feet,  as  a  conservative  estimate  of  the  thickness  of 
the  unaltered  sediments. 

PB0P0BT10N8  OF  THE   VARIOUS   SEDIMENTS. 

Summary  of  estimates. — ^A  number  of  interesting  estimates  of  the  proportions  of  the 
various  sediments  have  been  made.  Readc,b  in  his  study  of  the  chemistry  of  sea  and 
river  waters,  estimated  a  thickness  of  528  feet  of  limestone.  Dana,c  apparently  from 
general  stratigraphic  data,  estimated  the  thickness  of  limestone  as  1,000  feet.  Oilbert,<2 
as  a  result  of  his  chemical  studies,  estimated  the  limestones  to  comprise  19  per  cent,  the 
shales  42  per  cent,  and  the  sandstones  39  per  cent  of  the  sedimentary  beds. 

Van  Hise,«  after  pointing  out  several  sources  of  error  in  the  calculations  of  Reade,  com- 
putes the  proportion  of  limestones  on  the  basis  of  the  depletion  of  calcium  oxide  in  the  sand- 
stones and  shales  as  compared  with  the  original  rocks/  and  reaches  the  conclusion  that 
an  estimate  of  5  per  cent  of  the  mass  of  sediments  for  limestones  is  as  near  the  truth  as 
can  be  made  at  the  present  time.  The  shales  are  estimated  to  comprise  65  per  cent  and 
the  sandstones  30  per  cent  of  the  total  thickness  of  metamorphosed  sediments. 

The  writer's  estimate. — It  is  believed  by  the  writer  that  Van  Hise's  estimate  of  the  lime- 
stone will  prove  to  be  somewhat  too  low,  while  that  of  Gilbert  may  be  slightly  high.  In 
tbe  deposits  of  this  country,  which  may  be  taken  as  fairly  typical,  shales  almost  every- 
where predominate  over  sandstones.  Even  in  the  Carlx>niferous  rocks  of  the  Appalachian 
region,  where  the  sandstones  reach  a  great  development,  they  probably  do  not  comprise 
more  than  40  per  cent  of  the  whole.  For  the  purposes  of  the  present  discussion  the  following 
values  are  assumed:  Sandstone  40  per  cent,  shales  50  per  cent,  aud  limestone  10  per  cent. 

DEPTH   OF   ZONE   OF   FBACTUBB. 

As  already  pointed  out  (p.  60),  the  studies  of  L.  M.  Hoskins  have  shown  that  in  rocks  of 
or^nary  specific  gravities  cavities  free  from  water  can  not  exist  at  depths  of  more  than 
6,520  meters,  or  where  occupied  by  waters  under  hydrostatic  pressure  at  depths  of  more 
t^an  10,350  meters.  Rock-inclosed,  liquid-filled  cavities  can,  however,  exist  to  an  indefi- 
nite depth  at  which  water  and  rocks  are  miscible  in  all  proportions,  xis  this  is  in  no  sense 
°^  ground  water  it  need  not  be  considered  in  the  present  discussion. 

aMon.  U.  8.  Geol.  Survey,  vol.  47,  1904,  p.  939. 

b  Chemical  Denudation  in  Relation  to  Geologic  Time,  p.  53. 

cKanual  of  Geology,  2d  e<l.,  p.—. 

•I  Am.  Geologist,  vol.  13,  1894,  pp.  213-214.  j 

«  Hon.  U.  8.  Geol.  Survey,  vol.  47, 1904,  p.  941.  -1 

/  Op.  cit.,  pp.  990-^1.  ' 
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The  results  of  drilling  in  sedimentary  and  crystalline  rocks,  as  well  as  studies  of  dee(> 
mines,  show  that  in  all  probability  water  does  not  commonly  exist  in  the  rocks  under  gteat, 
hydrostatic  pressure,  although  such  may  be  exerted  in  an  occasional  crevice.  It  is  ncfc 
believed  that  hydrostatic  waters  exist,  except  possibly  in  rare  instances,  at  depths  of  over 
10,000  feet,  and  it  is  almost  certain  that  water  plays  no  part  in  preventing  the  closing  of 
cavities  and  that  in  reality  the  estimate  of  a  depth  of  6,520  meters,  or  20,000  feet,  as  the 
limit  of  the  zone  of  open  cavities  is  closely  approximate  to  the  truth. 

Beneath  the  land,  then,  it  seems  safe  to  assume  that  all  physical  pores  are  closed  at  & 
depth  of  about  20,000  feet,  but  under  the  sea  the  conditions  are  different.  The  average 
depth  of  the  ocean  is  estimated  at  14,000  feet,  and  since  the  ratio  of  its  specific  gravity  to 
that  of  the  rocks  is  approximately  1  to  2.65,  it  follows  that  the  pressure  at  a  depth  of  20/X)O 
feet  will  be  considerably  less  than  at  a  similar  depth  on  the  land.  In  reality  it  is  only 
where  a  depth  of  28,700  feet  from  sea  level  is  reached  that  all  cavities  will  become  closed. 
Of  this  depth,  as  has  been  seen,  14,000  feet  are  of  water,  hence  the  rock  within  the  zone  of 
fracture  has  a  thickness  of  only  14,700  feet. 

Assuming  17,400  feet  (20,000  minus  2,600  feet,  the  thickness  of  the  sediments)  as  the 
thickness  of  the  crystalline  rocks  in  the  zone  of  cavities  over  the  land  (one-fourth  of  the 
earth's  surface)  and  14,700  feet  as  the  thickness  beneath  the  se*  (three-fourtlis  of  the  sur- 
face) we  obtain  an  average  thickness  of  15,375  feet. 

DEPTU   or   ACTIVE   CIRCULATION*. 

Evidence  of  thennal  springs. — The  evidence  of  thermal  springs  as  to  the  depth  of  pene- 
tration of  waters  is  of  considerable  interest.  Notwithstanding  the  numerous  and  profound 
faults  and  the  even  more  numerous  joints,  we  have  in  this  country,  outside  of  what  may 
be  considered  as  igneous  regions,  or  regions  of  very  recent  disturbance,  only  a  few  scat^ 
tered  examples  of  hot  springs,  the  Georgia,  Virginia,  North  Carolina,  and  Arkansas  springs 
being  about  the  only  examples  of  note.  These  conditions  are  similar  to  those  prevailing 
on  other  continents.  If  waters  were  freely  circulating  at  great  depths  within  the  zone  o€ 
fracture,  hot  springs  would  certainly  be  more  common  along  the  numerous  faults  or  joint^iS 
of  the  Pieximont,  Appalachian,  and  similar  regions. 

Again,  the  temperature  of  the  springs  appears  to  indicate  an  essentially  superficial  origism  . 
Tests  made  on  welb  by  the  writer  show  that  with  a  steady  and  moderately  rapid  flow  of 
water  through  a  pipe  with  a  diameter  of  one-half  inch  the  change  in  temperature,  due  tx^ 
a  difference  of  15°  in  that  of  the  surrounding  material,  amounted  to  only  about  1°  for  1,COO 
feet.  It  is  therefore  clear  that  the  temperature  of  the  larger  warm  springs,  if  undiiute<l 
by  the  ingress  of  surface  water,  would  be  essentially  that  which  they  possessed  at  the  poizmt 
of  heating.  In  most  instances,  however,  there  >KnlI  probably  be  some  dilution,  but  in  no 
case  could  any  copious  circulation  from  groat  depths  take  place  without  its  being  felt  in 
the  temperature  of  the  springs. 

Springs  with  a  temperature  of  over  150°  F.  are  rare,  if  they  occur  at  all  outside  of  igneous 
regions.     As  this  temperature  represents  only  a  depth  of  5,(XX)  feet  on  the  basis  of  an  incre* 
ment  of  1°  to  each  50  feet  of  depth,  it  is  readily  seen  that  we  have  ordinarily  no  truly  deep- 
seated  springs  whatxjver.    Springs  at  the  boihiig  point  would  represent  a  depth  of  aoly 
about  8,(XX)  feet.    The  rarity,  even  in  igneous  regions,  of  solfataras  and  fumaroles,  which 
in  some  cases  may  be  considered  to  represent  waters  approaching  the  surface  at  a  temper" 
ature  of  more  than  212°,  is  of  significance. 

Evidence  of  deep  mines. — There  arc  two  quite  diverse  views  held  in  Regard  to  the  signifi- 
cance of  the  evidence  afforded  by  mines  as  to  underground-water  conditions,  one  being 
that  they  show  the  waters  to  increa.se  m  amount  with  depth,  and  the  other  that  the  ci^ 
culating  waters  are  largely  of  meteoric  origin  and  are  essentially  superficial.  This  diversity 
of  opinion  Is  the  natural  result  of  a  familiarity  with  a  certain  class  of  mines  to  the  exclusion 
of  others.  In  many  instances  the  conditions  as  regards  the  ground  waters  arc  controlled 
by  accidents  of  topography,  especially  m  the  case  of  the  shallow  mines,  the  evidence  pre- 
sented by  which  is,  in  fact,  of  slight  value.  In  order  to  bring  out  the  general  underground- 
water  conditions,  the  following  summary  of  the  conditions  in  the  deeper  mining  districts 
has  been  prepared,  together  with  statements  of  the  character  of  the  rock  and  topography: 
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i  examination  of  the  foregoing  table  will  show  a  considerable  range  of  conditions  as 
rds  the  occurrence  of  underground  waters  in  mines.  Certain  generalizations,  how- 
,  can  be  made.  For  instance,  it  appears  that  in  the  deep  mines  in  the  crystalline  rocks 
le  eastern  portion  of  the  country,  in  which  there  has  been  no  igneous  activity  since 
T  geologic  times,  water  is  rarely  found  below  the  600-foot  level,  the  mines  in  some 
inces  being  practically  dry  from  surface  to  bottom. 

I  the  West,  where  igneous  activity  is  more  recent,  the  undeiground  waters  are  more 
idant,  especially  where  the  rocks  are  severely  shattered,  as  in  the  Colorado  mines, 
re  much  water  occurs,  even  at  the  lowest  levels.  In  the  Arizona  mines  there  is  con- 
rable  water  locally  along  faults,  although  the  amount  in  other  portions  of  the  rock  is 
usually  excessive.     In  the  Mother  Lode,  California,  water  occurs  in  such  slight  amounts 

it  can  be  hoisted  with  the  ore  without  pumping,  although  the  workings  reach  a  depth 
,700  feet.  In  Nevada  City  and  Grass  Valley,  Cal.,  and  in  some  of  the  Montana  mines 
water  is  generally  confined  to  the  upper  1,000  feet.  In  other  of  the  Montana  mines, 
ever,  local  water-bearing  fissures  or  solution  channels  occur  to  depths  of  at  least  1,600 
The  mass  of  the  rock,  however,  is  relatively  free  from  water.  In  three  of  the  fifteen 
nets  included  in  the  table  water  occurs  in  abundance  without  much  diminution  to  the 
om  of  the  workings.  In  four  it  occurs  in  abundance,  at  least  locally,  up  to  a  depth  of 
0  feet.  In  the  remaining  eight,  or  more  than  half  of  the  deep  mines,  there  is  a  general 
nee  of  water  below  the  1 ,000-foot  level. 

mdenc^  of  deep  borings. — The  nonsaturation  of  the  rocks  at  many  localities  is  clearly 
ight  out  by  deep  borings.     For  instance,  a  well  recently  reported  to  the  writer  was  sunk 

depth  of  over  1,000  feet  in  limestones  near  Lexington,  Ky.,  without  finding  any  water 
tever.  Another  conspicuous  example  is  the  widely  quoted  well  sunk  by  the  Wheeling 
elopment  Company  4  miles  southeast  of  Wheeling,  in  which  the  lower  1 ,500  feet  were 
ed  in  absolutely  dry  rock.  Still  other  examples  are  the  deep  wells  sunk  at  North- 
>ton,  Mass.,  to  a  depth  of  4,022  feet,  and  the  4,000-foot  well  reported  to  have  been  sunk 
fd  sandstone,  etc.,  at  New  Haven,  by  the  Winchester  Repeating  Arms  Company,  both 
rhich  failed  to  obtain  water. 

his  absence  of  water  is,  moreover,  not  due  to  lack  of  porous  rock,  as  shown  by  the  two 
Is  last  mentioned  and  by  the  W.  J.  Bryan  well  No.  11,  Aleppo  Township,  Greene  County, 

This  well  is  3,397  feet  deep  and  is  cased  to  3,110  feet,  which  represents  the  last  water, 
ow  the  casing,  however,  were  found  the  Thirty  Foot,  Fifty  Foot,  and  Gordon  sands,  20, 
&nd  18  feet  in  thickness,  respectively,  making  a  hundred  feet  of  porous,  but  perfectly  dry 
dstones.  The  depth  at  which  water  was  found  in  this  well  is  greater  than  the  normal, 
^resh  water  being  found  in  many  wells  beyond  a  depth  of  500  feet. 
Examples  of  wells  failing  to  encounter  water  at  great  depths  might  be  multiplied  indefi- 
^J,  for  wells  in  which  water  has  to  be  poured  for  the  purposes  of  drilling  are  of  everyday 
urrence.  The  above  specific  citations,  however,  are  sufficient  to  show  the  nature  of  the 
dence.  Considerable  light  is  also  thrown  by  wells  on  the  nature  of  the  crevices,  including 
■^solution  passages  and  actual  or  potential  openings  aloDg  joint  and  fault  planes,  which 

frequently  encountered  in  rocks  of  all  types.  Frequently  the  joints  are  open  or  are 
^red  by  sufficiently  disintegrated  material  to  cause  the  drill  to  "jam."  Notwithstand- 
'  *I1  this,  many  carry  no  water  whatever,  although  others  may  carry  considerable.  The 
^^  of  the  cementing  of  the  portion  of  the  joint  planes  near  the  surface,  as  advanced  by 
0- Smith  o  to  explain  the  artesian  conditions  in  crystalline  rocks  near  York,  Me.,  may 
^  offer  an  explanation  of  the  absence  of  water  in  certain  joints. 

f'  is  well  recognized  by  those  who  have  investigated  the  occurrence  of  underground 
^ra  in  crystalline  rocks  that  joints  sufficiently  open  to  constitute  water  passages  are 
^i  uniformly  a  surface  feature.  While  it  is  true  that  a  water-bearing  joint  was  encoun- 
^  at  1,160  feet  in  the  deep  Atlanta  wc\\,b  no  more  were  found,  although  the  well  was 


^«ter  resources  of  the  Portsmouth- York  region,  New  Hampshire  and  Maine:  Water-Sup.  and 
•Paper  No.  146,  U.  8.  Geol.  Survey,  1905.  pp.  120-128.  .  J 

licGiaile,  8.  W.,  Artesian-woll  system  of  Qcorgia:  Bull.  Geol.  Survey  of  Georgia  No.  7, 1896,  p.  20kfl 
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continued  to  2,175  feet,  and  in  general  investigators  are  agreed  that  it  is  not  advisable  to 
drill  more  than  a  few  hundred  feet  into  crystalline  rocks  in  search  of  water.  J.  A.  Holmoi  ^ 
concluded,  from  investigations  in  the  Piedmont  area  of  crystalline  rocks  in  North  and  Soatb 
Carolina,  that  the  chance  for  obtaining  water  in  deep  wells  was  about  one  in  ten. 

The  present  writer  has  stated ^  in  an  earlier  publication,  as  a  result  of  his  expetienoe 
with  wells  in  granites,  gneisses,  and  schists,  that  water  supplies,  if  obtained  in  these  at  aU, 
are  usually  found  within  200  or  300  feet  of  the  surface  and  that  it  is  generally  useless  to  go 
deeper  than  500  feet.  These  views  have  received  substantial  corroboration  through  the 
detailed  work  of  E.  E.  Ellis  on  the  occurrence  of  water  in  the  crystalline  rocks  of  Ood- 
necticut.  His  investigations,  which  are  summarized  on  pages  19-28  of  this  report,  sboir 
that  practically  all  supplies  are  obtained  at  depths  not  greater  than  250  feet. 

Evidence  of  drift  waters. — Not  only  do  the  consolidated  rocks,  as  outlined  in  the  preced- 
ing section,  in  many  cases  fail  to  carry  water  even  where  porous,  but  many  very  porous 
unconsolidated  sediments  are  free  from  water,  even  where  below  the  water  table.  Many 
examples  were  encountered  in  the  300  artesian  localities  in  Michigan  examined  by  Funk 
Leverett  and  others  for  the  United  States  Geological  Survey  in  1904.  One  of  the  moet 
conspicuous  examples  is  that  found  in  the  extensive  sand  plain  at  Clinton,  Mass.,  in  whiefa 
many  hundreds  of  borings  were  made  in  connection  with  the  construction  of  dikes  for  the 
big  metropolitan  reservoir.  These  borings  developed  a  normal,  gently  sloping  water  tahk 
in  sand.  Below  the  sand  an  impervious  clay  was  encountered,  while  below  the  clay  wn 
found  a  ''hard-packed"  sand  destitute  of  water.  The  same  feature  was  brought  out 
repeatedly  in  boring  after  boring.  In  fact,  the  finding  of  porous  deposits  capable  of  hold- 
ing immense  quantities  of  water,  but  in  which  none  whatever  is  actually  found,  is  a  commoo 
experience  of  almost  every  driller  working  in  deposits  of  stratified  drift  in  this  countiy. 
Often  they  are  found  several  hundred  feet  below  the  surface,  far  below  the  true  water  table 
or  that  lying  above  the  first  impervious  stratum  and,  in  many  instances,  much  bek>w  the 
level  of  the  lowest  surface  drainage. 

Evidence  of  oil,  gas,  and  associated  brines. — The  evidence  afforded  by  these  closely  rdated 
substances  is  very  convincing  to  one  who  has  investigated  their  occurrence  in  the  field. 
Commonly  they  occur  in  large  amounts  only  in  relatively  flat  rocks,  their  tendency  being 
to  accumulate  beneath  the  highest  point  of  the  confining  impervious  roof.  When  this  rool 
is  broken  by  a  prominent  joint  or  by  a  fault,  or  when  the  beds  are  highly  upturned,  the 
hydrocarbons  are  no  longer  found  in  any  but  the  smallest  amounts.  In  other  wordi, 
as  soon  as  a  passage  is  opened  in  the  impervious  cover,  either  by  jointing,  faulting,  folding, 
or  erosion,  meteoric  waters  penetrate,  a  circulation  is  set  up,  and  the  oil,  gas,  and  salt  witer 
are  soon  removed  to  the  surface,  appearing  as  the  oil,  gas,  and  salt  springs  so  common  in 
certain  parts  of  the  country.  The  oil  and  gas  of  the  productive  pools,  so  far  as  known  to 
the  writer,  are,  however,  never  associated  with  fresh  waters,  and  although  oil-bearing  rocb 
near  the  surface  may  be  invaded  by  fresh  waters,  as  indicated  by  the  oil  and  gas  springs,  the 
mere  presence  of  cither  in  pools  as  ordinarily  known  indicates  an  absence  of  circulation  of 
meteoric  waters. 

Evidence  of  gypsum  and  anhydrite  deposits. — Anhydrite,  or  anhydrous  calcium  sulphate, 
is  deposited  from  solutions  saturated  with  sodium  chloride  and  calcium  sulphate  at  26^  F., 
a  temperature  often  reached  in  the  summer  seasons  even  in  high  latitudes,  and,  although 
doubtless  formed  under  a  variety  of  other  conditions,  it  has  probably  been  moat  commoDlj 
deposited  from  supersaturated  sea  water  through  evaporation. 

When  fresh  waters  are  brought  into  contact  with  the  anhydrite,  however,  water  is  taken 
on  and  the  rocks  are  converted  into  gypsum,  or  hydrous  sulphate  of  calcium.  The  occur- 
rence of  anhydrite  in  the  rocks^  therefore,  is  of  special  interest  in  connection  with  the  prob- 
lem of  underground  waters,  pointing  to  the  absence  of  circulation  at  the  points  at  which  the 
anhydrite  occurs. 


•  Trans.  Am.  Inst.  Min.  Eng.,  vol.  25,  p.  036. 

ft  Underground  waters  of  eastern  United  States:  Water-Sup.  and  Irr.  Paper  No.  114,  U.  8.  Geol. 
Surrey,  1905,  p.  2». 
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When  the  beds  are  exposed  at  the  surface  the  calcium  sulphate  is  usually  in  the  hydrous 
>rm,  owing  to  the  circulation  of  fresh  ground  waters.  In  the  large  quarries  near  Windsor, 
few  Brunswick,  however,  only  the  upper  few  feet  have  been  converted  into  gypsum,  the 
reat  mass  of  the  deposit  still  being  in  the  anhydrous  state. 

Deposits  have  been  frequently  penetrated  by  deep  borings  in  both  this  country  and  in 
Europe,  but  in  most  cases,  unfortunately,  no  distinction  is  made  between  the  anhydrous 
nd  hydrous  types.  At  Stassfurt,  however,  the  salt  beds,  which  have  an  aggregate  thickness 
f  1,197  feet,  include  thousands  of  anhydrite  layers  averaging  about  one-fourth  of  an  inch  in 
bickness  and  occurring  at  intervals  of  from  1  to  8  inches.  At  Hartlepool,  in  Yorkshire, 
orings  show  the  limestone  to  be  "  interleaved  with  anhydrite  and  to  be  overlain  by  more 
ban  250  feet  of  that  deposit.  *'o  Again,  in  the  Mont  Cenis  tunnel  in  the  Alps  over  1 ,500  feet 
f  alternating  anhydrite,  talcose  schist,  and  limestone  are  reported. ^ 

From  these  and  numerous  other  instances  that  might  be  cited  it  is  clear  that  not  only  are 
irculating  waters  practically  absent  in  many  regions,  even  near  the  surface,  but  intersti- 
ial  water  is  also  absent.  If  any  fresh  water  whatever  was  present  in  the  pores  of  the 
nhydrite,  hydration  to  gypsum  would  take  place. 

Evidence  of  salt  deposits. — While  less  conclusive  than  that  of  anhydrite  and  of  oil  and  gas 
ieposits,  the  occurrence  of  salt,  including  sodium  chloride  and  the  more  soluble  potassium 
alts,  affords  considerable  evidence  as  to  the  absence  of  circulating  ground  waters.  The 
vidence  of  such  circulating  waters  would  be  apparent  at  once  on  the  thin  laminas  of  salt 
iterstratified  with  other  materials,  and  even  the  thick  beds  would  present  evidences  of 
irculating  waters  if  the  latter  occurred  in  any  considerable  amounts.  So  great  is  the 
apidity  of  solution  that  even  the  larger  masses  in  any  but  the  most  recent  geologic  forma- 
ioDS  would  have  long  since  been  removed  if  active  circulation  existed.  Nothing  but 
nalyses  would  show  the  presence  of  small  amounts  of  interstitial  water  in  the  salt  itself, 
ut  the  evidence  of  the  interlaminated  anhydrite  conclusively  proves  the  absence  of  water 
1  many  instances. 

Evidence  of  brines  in  Coastal  Plain  deposits  of  eastern  United  States. — Near  the  outcrop  of 
308t  of  the  Coastal  Plain  deposits,  at  least  of  those  of  the  coarser  types,  the  waters  arc  fresh, 
he  salts  in  solution  being  practically  all  obtained  from  the  containing  materials.  As  the 
listance  from  their  landward  boundary  increases,  however,  and  the  dip  carries  the  beds 
iftber  below  the  surface,  the  waters  often  become  more  mineralized  and  in  some  instances 
re  distinctly  saline.  At  Fort  Monroe  and  at  Norfolk,  Va.,  about  60  miles  from  their  border, 
*nly  salt  waters  were  encountered  for  about  700  feet  down  to  the  granite  at  about  2,250  feet. 
Lgain,  at  Wilmington,  N.  C.  about  115  miles  from  the  border,  the  waters  are  salt,  while  at 
^arleston,  S.  C,  and  Savannah,  Ga.,  wells  at  similar  distances  yield  fresh  waters.  The 
lepth  to  which  circulation  extends  downward  is  not,  therefore,  dependent  on  distance  from 
.he  outcrop.  In  reality  it  seems  to  be  related,  to  some  extent  at  least,  to  the  character  of 
the  materials,  being  greater  in  prevailingly  sandy  beds  than  in  more  clayey  beds,  as  at  Wil- 
mington. It  is  probable  that  leakage  through  vertical  joints,  which  are  common  even  in 
\iDconsolidated  materials,  has  much  to  do  with  determining  the  distance  of  penetration  of 
surface  waters.  The  age  of  the  strata  also  appears  to  be  a  factor  of  importance,  since  the 
more  recently  deposited  beds,  as  in  the  vicinity  of  Wilmington,  often  show  higher  salinity 

than  older  beds  occurring  under  similar  conditions. 
It  is  clear,  therefore,  that  while  active  circulation  may  extend  to  considerable  depths  and 

<l»tance8  in  the  Coastal  Plain  deposits,  such  circulation  is  often  absent,  in  which  case  the 

^^riginally  inclosed  sea  water  probably  constitutes  most  of  the  water  present. 
^videjice  of  joint  studies. — Recent  investigations  in  Connecticut,  made  by  E.  E.  Ellis  for 

^  United  States  Geological  Survey,  have  shown  that  in  the  ordinary  granites  and  gneisses 

<^the  region  the  water  occurs  largely  in  the  vertical  joints,  which  have  an  average  spacing  of 

l^etween  3  and  7  feet  at  the  surface.    At  depths  of  more  than  50  feet  the  spacing  is  greater. 


aGelkfe.  Texc-Book  of  Geology,  vol.  2, 1903,  p.  1071. 

^Htmt,  T.  Steny,  Chemical  and  Qeologlcal  Essays,  1875,  p.  335. 
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owing  to  the  dying  out  of  subordinate  joints.  At  still  greater  depths  there  appear  to  be 
very  few  water-bearing  joints,  250  feet  being  the  depth  fixed  as  a  limit  beyond  which  it  is  not 
advisable  to  go  for  water.  Of  the  horizontal  joints,  almost  all  are  confined  to  the  upper  few 
feet  of  the  rock,  being  generally  above  the  water  table.  Mr.  Ellis  finds  that  while  the  joints 
may  be  half  an  inch  or  more  in  width  at  the  surface,  they  rapidly  narrow  with  depth,  and 
that  the  common  width  in  the  upper  200  or  300  feet  is  0.01  inch.  With  a  double  system  of 
joints,  each  with  the  fractures  at  an  average  distance  of  5  feet  from  one  another,  there  would 
be,  even  if  they  were  completely  filled  with  water,  only  1  cubic  inch  of  water  to  125  cubic 
feet  of  rock,  equivalent  to  ti-^zg  <>''  ^^^  ^^^^  0.000046  of  the  mass. 

If  we  assume  an  average  width  of  the  joints  of  0.1  inch,  which  may  be  regarded  as  a  maxi- 
mum, the  amount  of  water  in  them  would  still  be  only  0.0004C  of  the  volume  of  the  rock. 

The  joints  do  not  always  carry  water  to  their  full  capacity.  In  fact,  water  in  amounts 
sufficient  to  supply  even  domestic  wells  is  seldom  obtained  at  depths  greater  than  300  or 400 
feet.     The  writer  estimates  the  relative  amounts  of  water  in  joints  as  follows : 

Relation  of  actual  vmter  in  jointa  in  crystalline  rocks  to  their  fuU  capacity. 


Depth  in  ftvt. 


Proportion  of  full 
surface  capacity. 


0-100 ,  Full. 

100-200 1  One-half. 

200-300 ■  One-third. 

aoO-500 ;  One-fifth. 

500-2,000 !  One-tenth. 

2, 000-34, 000 :  Practically  no  water. 


The  water  present  in  joints  in  the  upper  2,000  feet  of  the  crystalline  rocks  is  estimated, 
therefore,  to  be  only  16  per  cent  of  their  capacity,  or  0.000007  of  the  rock  volume. 

In  the  case  of  sedimentary  rocks  the  joints  are  still  farther  apart  than  in  crystalline  rocks, 
and  while  they  carry  much  water,  the  proportion  so  held  to  that  held  in  the  pores  is  veiy 
small.  Caverns  may  be  considered  in  the  same  class  with  joints.  Being  larger,  they  cany 
large  amounts  of  water,  as  evidenced  by  the  large  springs,  etc.,  coming  from  such  paasagQii 
but  even  in  completely  honeycombed  rocks  the  actual  volume  is  very  slight  indeed  as  con*- 
pared  with  the  whole  mass  of  the  rock  while,  moreover,  the  circulation  is  essentially  super- 
ficial. 

The  amount  of  water  in  both  joints  and  caverns  is  so  small  compared  with  that  in  the 
pores  of  the  rock  itself  that  they  have  no  material  effect  on  the  computations  and  may  be 
disregarded. 

What  the  amount  occupying  the  pores  may  be  we  have  no  way  of  determining,  but  it  ie 
believed  that  not  over  25  per  cent  of  the  pore  space  is  occupied.  To  be  on  the  safe  side, 
however,  50  per  cent  is  here  assumed. 


MAOMATIC    WATERS. 


In  recent  years  much  has  been  said,  in  connection  witli  the  discussion  of  ore  deposits,  in 
regard  to  magmatic  waters  as  a  source  of  vein  solutions.  AH  molten  rocks  reaching  the 
surface  carry  water,  usually  in  considerable  amounts,  and  from  contact  phenomena  it  is 
equally  evident  that  the  same  is  true  of  many  intrusive  magmas,  especially  those  of  pegmatites 
and  other  acidic  rocks.  It  is  not  impossible,  therefore,  that  considerable  additions  to  the 
underground-water  body  may  take  place  from  magmatic  intrusions  whkh  fail  to  reach  the 
surface,  but  the  number  of  such  intrusions  giving  off  water  at  any  one  time  will  be  exceed- 
ingly small  and  confined  to  limited  areas.  In  a  consideration  of  the  crust  of  the  earth  as  a 
whole  their  amount  can  l>e  practically  disregarded. 
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DEGREE  OP   SATURATION. 

The  theoretical  absorptive  capacities  of  rocks  are  essentially  the  same  as  their  porosities, 
ICC,  as  has  been  shown,  the  amount  in  joints,  etc.,  can  be  disregarded.  In  the  preceding 
ction  evidences  tending  to  show  that  the  actual  amounts  are  considerably  less  than  the 
leoFetical  amounts  have  been  adduced  along  a  considerable  number  of  lines.  From  the 
iture  of  the  information  available,  however,  it  is  impossible  to  make  definite  quantitative 
atements,  but  it  is  believed  that  a  reasonable  estimate  may  be  made.  The  following  is 
1  estimate  by  the  writer,  based  on  his  underground-water  investigations  for  the  Geological 
irvey: 

Rdaiion  ofaciual  water  in  sedimentary  rocks  to  their  fvU  cajtaeity. 


Depth  in  feet. 


Full. 
One-half. 
One-third. 
,000-2,000 One-fifth. 


O-2S0.. 
220-500.. 
500-1,000. 


Proportion  of  full 
surface  capacity. 


Average  per  cent  of  full  capacity,  37. 


The  relation  of  the  actual  water  in  joints  to  their  full  capacity  has  been  discussed,  it  being 
sstimated  that  only  16  per  cent  of  the  joint  spaces  are  occupied.  What  the  amount  occupy- 
ing the  pores  may  be  we  have  no  way  of  determining,  but  it  is  l^lieved  to  be  much  less  than 
the  capacity  as  indicated  by  their  porosity. 

SUMMARY. 

PACTORS   IN    PROBLEM. 

Porosity  factors. — The  various  factors  assigned  in  the  computation  of  the  underground 
^tere  occurring  in  the  pores  of  the  rocks  are  summarized  below.  In  the  summary  the 
uncoDsolidated  surface  deposits  are  disregarded,  partly  for  the  reason  that  they  are  of  incon- 
siderable thickness  as  compared  with  the  total  thickness  of  sedimcntsjind  partly  because  of 
^he  fact  that,  while  they  are  more  porous  than  most  of  the  consolidated  beds,  only  a  part 
of  their  mass  lies  below  the  water  table  and  is  saturated,  the  remainder  being  relatively 
^iter  free.  It  is  believed,  therefore,  that  on  the  average  the  amount  of  water  held  is  not 
Si^tly  different  from  that  in  the  consolidated  sediments. 

For  the  sandstones,  shales,  and  limestones  full  porosity  values  are  given,  as  in  most  cases 
^ae  pressure  has  done  little  toward  closing  the  pores.  In  the  crystalline  rocks,  on  the  con- 
trary it  is  assumed  that  the  porosity  decreases  from  the  normal  at  the  surface  to  nothing 
*Uhe  level  of  no  openings,  hence  one-half  of  the  surface  value  is  used  in  the  computations. 
Summarizing  the  porosity,  we  have:  Sandstones,  15  per  cent;  shales,  4  per  cent;  lime- 
'^^MJes,  5  per  cent,  and  crystalline  rocks,  0.2  per  cent. 

duration  factors. — ^These  have  already  been  discussed  ifi  a  preceding  paragraph,  but 
^  results  may  be  repeated  as  follows: 

A^rage  percentage  of  the  theoretical  capacity  of  stratified  rocks  actually  taken  up  by  water 37 

^^lage  percentage  of  the  theoretical  capacity  of  igneous  rocks  actually  taken  up  by  water 50 

''hiekness factor. — The  average  thickness  of  the  sedimentary  rocks,  as  outlined  on  page  63, 
*  Uken  as  2,600  feet,  while  that  of  the  portion  of  the  crystalline  rocks  in  which  water  can 
oour  is  estimated  to  be  15,375  feet  (p.  64). 
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ReeapUuUUion. — The  various  factors  affecting  the  computation  of  the  volume  of  i 
ground  water  may  be  tabulated  as  follows: 

Factors  in  computtUion  of  volume  of  underground  waters. 


Rocks. 


Thickness. 


I 

Feet. 

Sandstone '  1,040 

Shale i  1.300 

Limestone 260 

CrysUlline  rockso I  15,375 

!         17.975 

a  See  p.  64. 
Average  per  cent  of  rock  tx»upied  by  water,  0.52. 

CONCLUSION. 


Porosity. 


Per  cent. 

15.0 

4.0 

5.0 

.2 


Saturation 
factor. 


Per  cent. 
37 
50 


Vo 
ooc 

by 


Pei 


On  the  basis  of  these  factors  the  total  free  water  held  in  the  earth's  crust  would  be  c 
lent  to  a  uniform  sheet  over  the  entire  surface  with  a  depth  of  little  less  than  100  f< 
feet),  which  is  only  about  one  seventy-fifth  of  the  amount  postulated  by  Delesse,  one 
fifth  of  that  of  Slichter,  one-sixteenth  to  one-eighth  of  that  of  Chamberlin  and  Sal: 
and  three-sevenths  of  that  of  Van  Hise. 

If  the  average  depth  of  the  ocean  is  14,000  feet,  its  volume  is  (equivalent  to  a  layer 
feet  deep  over  the  whole  earth's  surface.  The  underground  water  would,  theref 
roughly  only  one  one-liundredth  of  the  volume  of  the  ocean,  instead  of  one-half,  a 
cated  by  the  figures  of  Delesse;  one-fourth,  as  indicated  by  SlichttT's  C8timates,a  ar 
ninth  to  one-eighteenth  on  the  basis  of  the  estimate  of  ChamlM>rlin  and  Salisbury. 

It  is  recognized  that  locally,  where  the  sediments  are  very  porous  and  of  consit 
thickness,  several  timra  the  amount  of  water  estimated  may  exist  in  unconsolidated  d( 
or  in  the  stratified  rocks  alone.  There  is  a  general  tendency,  however,  to  overestim 
amount  of  water  in  the  ground  owing  to  the  impression  of  great  volume  which  a  lar 
often  conveys,  the  fact  that  a  large  area  is  drained  being  frequently  overlooked.  Tli 
er's  studies  of  the  conditions  in  deep  wells  in  the  United  States  lead  him  to  the  beli 
the  average  amount  of  water  present  in  the  earth  is  probably  under,  rather  than  o\ 
amount  estimated. 


o  Slichter  takes  12.000  tvei  as  the  mean  depth  of  the  ocean,  which  would  raise  the  undergrpun 
factor  to  one-third  of  its  volume. 


USE  OF  FLUORESCEIN  IN  THE  STUDY  OF  UNDER- 
GROUND WATERS." 


By  R.  B.  Dole. 


NTRODUCTION. 

This  paper  is  an  account  of  the  use  of  fluorescein  for  tracing  the  course  of  subterranean 

craters.    The  methods  for  its  application  and  detection  are  described,  a  brief  discussion  is 

given  regarding  its  fitness  for  use  under  various  conditions,  and  the  results  of  practical 

experiments  are  cited.    Nearly  all  of  the  material  is  taken  from  reports  and  papers  on  work 

of  this  character  undertaken  'by  the  city  of  Paris.    At  the  end  is  given  a  partial  bibli- 

ogntphy  of  articles  relating  to  the  subject.     For  copies  of  the  original  reports  and  discus- 

81008  acknowledgment  is  made  to  the  courtesy  of  M.  Max  le  Couppey  de  U  Forest,  ing^nieur 

^roQome  de  la  commission  scientifique  de  perfectionnement  de  I'observatoire  municipal 

de  Montsouris. 

GENERAL  CONSIDERATIONS. 

It  frequently  happens  that  the  chemical  and  bacteriological  examinations  of  a  water  do 
Dot  show  whether  it  is  polluted.  This  failure  results  from  several  causes.  Sometimes  the 
poilutiDg  matter  has  been  so  diluted  that  the  tests  employed  are  not  sufficiently  delicate  to 
find  it.  Frequently  it  is  intermittent  in  character,  so  that  the  samples  examined  may  have 
Wo  taken  at  a  time  when  no  afflux  occurred,  though  at  other  times  the  water  may  be  in  a 
dangerous  condition.  If  a  decision  is  based  on  chemical  results  alone,  the  presence  of  harm- 
^  organic  material  may  be  used  to  condemn  a  water,  because  the  data  do  not  distinguish 
l^ween  the  organic  matter  which  is  vegetable  and  that  which  is  animal  in  its  origin.  These 
I  troubles  are  experienced  to  a  greater  extent  in  the  study  of  underground  than  in  that  of 
surface  waters,  first  because  the  sources  of  pollution  are  obscure  in  their  relation  to  the 
subterranean  beds,  and,  second,  because  variations  in  the  chemical  constituents  of  a  given 
spring  or  well  under  study  are  usually  neither  so  large  nor  so  diverse  in  character  as  the 
^^Jiwges  in  the  same  figures  for  rivers  or  lakes.  Chloride-bearing  rocks  or  drift  deposits 
sometimes  give  so  high  a  chlorine  content  to  waters  in  them  that  slight  changes  caused  by 
tbe  introduction  of  fecal  matter  are  either  inappreciable  or  can  be  attributed  as  well  to 
'^ur&l  sources  as  to  dangerous  contamination.  Other  constituents  besides  chlorine  may 
change  from  similar  causes  without  affording  the  analyst  an  opportunity  to  distinguish 
harmless  from  dangerous  affluents. 

Consequently  every  means  for  determining  the  flow  and  pollution  foci  of  underground 
^ateiB  should  be  used.  In  studying  the  potability  of  a  well  or  spring  water  it  is  important 
^know  not  only  its  chemical  composition,  but  also  its  source,  its  rate  of  flow,  the  area 
^butary  to  it,  the  nature  of  the  material  through  which  it  passes,  and  the  contaminations 
^  which  it  may  be  subjected  before  or  during  its  underground  journey.  It  is  often  a 
niatter  of  much  impoidance  to  know  whether  the  flow  is  from  a  cesspool  toward  a  neighbor- 
ing well  or  in  the  opposite  direction;  it  may  be  necessary  to  determine  whether  or  not  water 

•PiPppAred  in  connection  with  the  work  of  the  division  of  hydroeconomlcs;  M.  O.  Leighton,  hydro^- 
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seeps  from  a  contaminated  brook  into  wells  of  a  neighboring  region;  whether  coIlectiDip 
galleries  for  public  water  supplies  receive  seepage  from  well-established  sources  of  contami— 
nation;  whether,  in  general,  known  foci  of  pollution  are  in  immediate,  though  obscured, 
connection  with  sources  of  drinking  water.  Knowledge  of  this  nature  is  especially  impor- 
tant in  the  study  of  waters  passing  through  formations  full  of  seams  or  crevices,  where  theiet 
is  opportunity  for  rapid  circulation  without  much  purification.  The  determination  of  the 
area  draining  to  the  underground  supply  affords  data  in  regard  to  the  quantity  of  available 
water  as  well  as  its  quality.  These  and  many  other  considerations  make  the  study  of  con- 
ditions in  the  subterranean  btisin  more  important  than  laboratory  examinations  into  the 
nature  of  the  water  itself. 

FLOW  INDICATORS. 

MATERIALS. 

For  such  hydrologic  studies  as  have  been  indicated  above  much  knowledge  has  bcoi 
gained  by  introducing  some  foreign  material  into  the  aquifer  under  study  and  tracing  its 
journey  by  samples  from  wells,  springs,  or  temporary  borings  along  its  possible  couxae. 

A  large  number  of  substances  have  l)een  proposed  for  this  purpose.  A  few  of  those  which 
have  been  more  or  less  extensively  employed  are  given  in  the  following  lists: 

A.  Materials  dissolved  in  the  water  and  recognized  by  chemical  or  physical  tests:  Sodhiia 
chloride,  calcium  chloride,  ammonium  (*hloride,  potassium  nitrate,  lithium  salts,  and  irail 
salts. 

B.  Materials  dissolved  in  the  water  and  recognized  by  their  color:  Potassium  permanga' 
nate,  fuchsine,  Kongo  red,  methylene  blue,  and  fluorescein. 

C.  Materials  suspended  in  the  water  and  recognized  by  microscopic  examinations: 
Starch,  flour,  etc. 

D.  Cultures  of  bacteria  suspended  in  the  water  and  recognized  in  samples  taken  by 
their  cultural  characteristics:  BacilluA  prodigiosus,  B.  ftubtUiSf  Saccfuuramyees  eerevUix,  twl 
Mycoderma  acfti. 

The  principal  requisites  in  the  choice  of  a  proper  so-called  flow  indicator  are — 

1.  It  should  descend  to  and  traverse  the  aquifer  in  a  manner  and  rate  similar  to  the  water 
itself. 

2.  It  should  be  easily  and  quickly  detectable  in  the  samples  of  water  taken. 

3.  It  should  not  be  decompos<»d  nor  its  intensity  gR'Atly  affected  by  the  materials  with 
which  it  comejs  in  contact. 

For  different  purposes  and  in  diffenmt  materials  the  selection  of  an  indicator  is  varied. 
For  determining  the  percentage  of  water  entering  one  level  from  another  the  chloridn 
are  especially  fitted,  because^  the  amounts  present  can  l)e  accurately  and  rapidly  determined. 
When,  however,  the  volumes  of  water  are  extremely  large  and  the  subterranean  journey 
is  long  the  amount  of  salt  or  other  chloride  necessary  to  cause  an  estimable  change  in 
chlorine  content  is  so  great  that  the  experiment  is  o(U'n  impracticable.  For  the  study 
of  underground  flows  in  alluvial  dt*posits  the  use  of  ammonium  chloride  and  sodium 
chloride  as  electrolytes  apjXMirs  to  be  especially  good.o  For  investigating  the  purificatioQ 
power  of  strata  through  which  wat<»r  paasi\s,  cultures  of  beer  yeast  have  proved  very 
satisfactory. ft  For  tracing  the  flow,  however,  of  large  or  small  underground  streams 
through  well-defined  chaimels  of  size  in  rwks,  (»specially  calcareous  formations,  fluoresodn 
has  proved  superior  to  anything  eisi^  which  has  l)een  tried.  Its  diffusion  is  rapid,  it  is 
applicable  under  many  conditions,  and  it  can  be  easily  detected  in  enormous  dilutions 
by  m<'ans  of  the  fluon)sco|M»  when  it  i.s  not  present  in  quantities  large  enough  to  be  visible 
to  the  naked  eye.  On  account  of  its  many  adiiiirHble  (]ualifications,  fluorescein  has  been 
extensively  usi»d  by  the  city  of  Paris  in  the  study  of  .springs  from  which  the  major  pftit 


a  SIlchttT,  C.  S.,  Rate  of  inovoinont  «»f  un(h^rgroiin<l  watorM:  Wiitcr-Sup.  and  Irr.  Paper  U.  S.  Oeol. 
Survey  No.  140,  1905. 

b  Le  Couppoy  de  lu  Forest,  M..  L'<Studc  des  ouux  dc  Hourccs:  Dull.  See.  sci.  hiat.et  nat.  de  rYonae. 
pt.  2, 1902. 
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-  the  drinking  water  is  taken.  The  records  given  on  page  81  of  experiments  with 
ooresceln  are  taken  from  published  reports  of  the  Commission  scientifique  de  perfec- 
oonement  de  TObservatoip  municipal  de  Montsouris  and  from  various  articles  published 
ae^here  by  members  of  the  laboratory  staff. 

HISTORY 

Probably  the  first  coloration  experiments  to  establish  the  water  origin  of  typhoid  fever 
'ere  made  by  Dr.  Dionis  des  Carriferes  o  in  1882,  during  a  severe  epidemic  at  Auxerre,  a 
[ty  about  85  miles  southeast  of  Paris.  Since  that  time  the  use  of  various  dyes  has  been 
sequent  for  studying  the  underground  movements  of  water.  In  1887  fluorescein  was 
sed  in  the  valley  of  the  Avre.b  M.  Trillat  in  1899  conducted  elaborate  investigations 
lie  the  delicacy  of  certain  dyes  for  flow  indicators  and  the  effect  on  them  of  passage 
tirough  common  soils,  c  The  fluoroscope  invented  by  him  and  perfected  by  M.  Marboutin  d 
I  capable  of  detecting  minute  traces  of  fluorescein,  and  has  made  possible  the  extensive 
'rudies  of  ground  flow  now  being  conducted  with  that  material.  The  work  has  assumed 
jch  proportions  that  the  so-called  sanitary  analysis  of  water  plays  a  rather  subordinate 
Vie  in  the  consideration  of  the  springs.  Under  the  direction  of  the  Montsouris  commission 
sologists,  hydrologists,  chemists,  physicians,  and  other  skilled  professional  men  make  a 
etailed  study  of  the  region  in  order  to  ascertain  the  purity  of  the  water  and  the  means 
>r  preventing  avoidable  pollution.  Their  work  embraces  a  study  of  the  water  flow  and 
f  the  geology  of  the  formations,  determination  of  the  supply  basin,  inquiry  into  epidemics 
ad  hygienic  conditions  on  the  watershed,  as  well  as  the  study  of  the  water  itself  as  regards 
aemical  and  bacteriological  condition,  discharge,  temperature,  etc.  From  the  results 
f  all  these  researches  a  definite  decision  concerning  the  availability  of  the  supply  and  its 
hances  of  pollution  can  be  made. 

FLUORESCEIN. 

CHARACTER  AND  APPEARANCE. 

Fluorescein  (resorcin-phthalein,  diresorcin  phthaiein,  tetraoxyphthalophenone,  uranin, 

ELniger's  indicator)  is  a  coal-tar  product.    It  can  be  prepared  by  heating  two  molecular 

w^^ts  of  resorcin  with  one  molecular  weight  of  phthalic  anhydride,  on  an  oil  bath, 

between  190®  and  200**  C,  until  aqueous  vapors  are  no  longer  evolved.    The  mass  is  then 

extracted  with  hot  water  and  the  residue  powdered,  dissolved  in  a  solution  of  potassium 

hydrate,  and  reprecipitated  with  an  acid.     It  is  important  to  use  pure  materials  in  order 

to  obtain  a  pure  product,  otherwise  the  final  purification  of  the  fluorescein  is  rendered 

extremely  difficult.     It  occurs  as  crystalline  powder  or  amorphous  masses,  varying  in  color 

fiom  reddish  yellow  to  dark  brown.     It  is  insoluble  in  water, «  slightly  soluble  in  cold, 

And  more  readily  in  hot  alcohol,  and  easily  soluble  in  ether,  dilute  acids,  or  alkaline  solutions. 

"Hie  aodium  or  potassium  salts  of  fluorescein  are  soluble  in  alkalies  and  in  water.     In  the 

ptttence  of  alkalies  its  solution  is  red  by  transmitted  light  and  bright  green  by  reflected 

%iit— a  phenomenon  known  as  green  fluorescence.    Though  fluorescein  is  not  affected  by 

^  carbonic  acid,  its  solution  is  rendered  colorless  by  acetic  and  the  mineral  acids./ 

"Hie  red  color  shown  by  transmitted  light  is  not  apparent  in  very  dilute  solution,  but 
by  the  use  of  a  long  tube  filled  with  the  alkaline  liquid  the  green  appearance  shown  by 

•Dlonii  dea  Carriftrea,  ^tiologfe  de  I'^pld^mie  typholde  qui  a  6c\&U'  k  Aiixent».  en  scptembre  1882: 
»jn.etin*ni.  8oc.  mM.  dea  h6pltaux  de  Paris,  vol.  9,  2d  ser..  1882,  p.  277. 

^'Brard,  Etude  dea  mrtea  de  I'Avre  et  do  aea  affluents:  Comptes  rendua  Soc.  ing^nieura  civila  de 
^nwa,  octobre  1899. 

'Tifflat.  Sot  Templot  dea  mati^res  colornnt<»8  pour  la  recherche  do  I'origino  dos  sources  ©t  dea  caux 
Qu^ratton:  Comptea  rendua  Acad,  aci.,  vol.  12$,  1899,  p.  698. 

*«arboirtln,  Noovello  m^thode  d'^tudo  dos  eaux  de  sources:  M^m.  Soc.  ingrnieurs clvils  do  France, 
!?wr  1901,  vol.  131,  p.  366;  Sur  la  propagation  des  eaux  souterrainos:  Bull.  Soc.  iK^lge  g^ol.,  etc.,  vol. 
«*  MOl,  in^m.,  p.  214. 

*Thli  atateiDMit  of  inaolubility  applies  especially  to  chemically  pure  fluorescein  sold  ordinarily 
2S*fonn  ol  a  yellow  powder.  The  fluorescein  commonly  n.sed  in  tne  coloration  experiments  haa  a 
"j™  brown  or  alightly  orange  color  and  is  completely  and  rapidly  soluble  in  water. 

/Cohn,  Indicators  and  Test  Fapera,  2d  ed.,  p.  75. 
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reflected  light  is  apparent  when  extremely  small  quantities  of  fluorescein  are  used.  For  a 
flow  indicator  it  is  important  to  use  fluorescein  of  good  quality,  as  otherwise  the  ccdoratioo 
will  not  bo  visible  in  a  solution  sufliciently  dilute.  The  commercial  article  varies  grestlj 
in  intensity  of  fluorescence  according  to  the  purity  of  the  materials  from  which  it  is  manu- 
factured and  the  c^re  used  in  its  preparation  and  storage.  Nine  different  samples  from 
the  market  examined  by  M.  Marboutin  a  had  greatly  different  fluorescent  powers.  With 
the  fluoroscope  their  limits  of  visibility  ranged  from  1  part  in  500,000,000  to  1  pari  in 
10,(K)0,00(),(KM).  The  most  practical  test  of  the  applicability  of  a  given  sample  of  fluoresce&i 
seems  to  Ix'  that  when  suspended  in  water  it  should  show  with  the  fluoroscope  a  perceptibk 
fluorescence  in  a  dilution  of  1  part  in  10,000,000,000.  If  weaker  materials  are  used  it 
is  of  course  necessary  to  use  larger  quantities  of  them.  Fluorescein  costs  from  12.25  to 
$12  a  pound 

THE   FLUOROSCX>PE. 

The  instrument  known  as  the  fluoroscope  is  used  for  detecting  the  presence  of  minute 
quantities  of  fluorescein  in  solution  by  ol)ser\'ing  the  green  fluorescence  in  a  great  dqrth 
of  liquid  against  a  dark  Imckground.  As  perfected  by  M.  Marboutin,a  chemist  of  the 
Montsouris  laboratory,  it  consists  of  12  tubes  of  pure-white  glass  of  even  bore,  each  95 cm. 
long  and  about  15  mm.  in  diameter.  The  white  tubing  used  for  manufacturing  certain 
kinds  of  burettes  would  answer  the  purpose  very  well.  Efich.  tube  is  closed  at  its  lower 
extremity  bj'  a  rublxjr  stopper  blackened  with  powdered  plumbago.  The  box  for  canying 
the  apparatus  is  provided  with  a  rack  in  which  the  tubes  may  be  held  side  by  side  in  i 
vertical  position.  When  they  are  filled  with  the  samples  to  be  examined  the  presence  of 
fluorescein  is  recognized  by  the  appearance,  projected  on  the  black  stopper,  of  a  grtexxA 
reflection  which  is  entirely  different  from  the  natural  tint  of  the  water  itself,  though  some- 
times confused  with  it  by  inexperienced  observers.  It  is  often  convenient  to  use  for  com- 
parison standard  tubes  containing  quantities  of  fluorescein  varying  from  0  to  0.002  p*rt 
per  million.  Tlie  use  of  a  little  ammonia  to  excite  the  fluorescein  is  suggested  when  the 
dye  is  present  in  small  amount.  This  is  of  course  impossible  in  magnesium-bearing  witen 
on  account  of  the  white  turbidity  prtxiuc^d.  The  limit  of  visibility  depends  a  great  deei 
on  the  nature  of  the  fluorescein  used.  It  has  l>een  placed  at  0.0001  part  per  million  or  1 
part  in  1(),000,(K)0,000  of  clear  water.  For  practical  demonstrations  of  its  presence  OJXffi 
part  })er  million  is  better.  The  limit  of  ordinary  visibility  with  the  unaided  eye  seedis  ^ 
be  0.025  part  p«^r  million.  Therefore  a  quantity  of  fluorescein  may  be  used  which  '^ 
det<Ttable  with  the  fluorescope  and  still  not  visible  to  the  naked  eye. 

By  coniparis<^n  with  tulx^s  of  known  content  the  amount  of  fluorescein  in  the  samples  msj 
bo  estimated  by  tin*  intensity  of  the  green  coloration.  With  this  and  other  data  the  amou0^ 
of  seepage  from  one  water-1  waring  stratum  to  another  may  Ik?  determined.  6 

APPLICATION    OF   FLUORESt^EIX. 

Fluorescein  cnu  Ik>  poured  down  where  there  is  exi)ected  to  be  a  connection  with  the  undeT' 
ground  flow — in  general  at  any  point  of  higher  elevation  than  the  water  level  in  the  bed  MDide^ 
study.  Sink  hctles,  ccssixmIs,  privy  vaults,  temporary  l)orings,  or  the  bods  of  degravelfin^ 
streams  are  all  desirable  places  to  introduce  the  dye.  A  solution  containing  about  dOOgram^ 
per  liter  is  u  <-<)iivenient  one  for  use.  If  it  Ls  |)oured  down-  where  there  is  no  considerable  floi^ 
of  water  toward  th(>  lower  strata,  such  as  in  a  dr}'  luring  or  in  a  vault,  enough  water  should  bv 
poured  on  it  to  wash  it  down.  The  quantity  of  fluores<rcTn  to  Ih^  used  varies  with  the  dis- 
tance traveled,  the  time  of  the  journey,  the  siz(»  of  the  wat<>r  sheet,  and  the  nature  of  the 
material  trav(»rst»d.  The  amount  gen«»nilly  employed  is  lx»twcen  one-half  poimd  and  2 
pounds,  though  experiments  have  Ix^en  made  with  much  larger  weights.  From  tables 
given  later  (pp.  70-81),  an  idea  may  lx»  formed  of  the  amounts  desirable  to  use.     In  general 

a  Marboutin,  Contribution  k  I'lHude  dos  eaux  Boutcrraincs:  Comptos  rcuUu9  Acad.  acL,  to  .  133. 
J901.  p.  »«.. 
b  See  experiment  ut  Auxcrro,  p.  S2. 
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ty  is  2  pounds  of  fluorescein  per  hour  for  a  flow  of  about  31,700  gallons  per  minute 
ed.  It  is  of  course  necessary  to  add  enough  to  produce  a  detectable  coloration  in 
of  the  well  or  spring  under  examination.  Having  determined  the- flow  of  the 
ipproximation  may  be  made  of  the  amount  of  fluorescein  necessary  to  insun<  the 

I  between  0.02  and  0.0005  part  per  million  in  the  effluent.  Since,  however,  all  of 
of  the  underground  bed  will  probably  not  be  delivered  at  the  points  of  examina- 

II  be  seen  that  with  the  distance  traveled  the  amount  of  fluorescein  should  be 

METHOD  OP  TAKING   SAMPLES. 

unary  determination  of  the  water  level  in  the  wells  and  springs  in  the  region  will 
^hose  points  round  the  spot  at  which  the  fluorescein  is  put  down  that  are  nmiii^ 
ide  of  the  circulation  zone.  All  other  wells  or  springs  should  be  marked  for  exami^ 
atever  their  apparent  disconnection  with  the  water  sheet  under  study.  The  must 
[  manner  of  taking  the  samples  is  hourly  by  concentric  circles  successlvi?iy 
rom  the  point  of  putting  in  the  color.  An  agent  supplied  with  12  bottW  is 
it  each  well  or  spring  to  be  examined  in  the  nearest  circle.  In  general,  samplm 
iy  for  twelve  hours  will  mark  the  arrival  and  departure  of  the  fluorescein.  Si^ni- 
ever,  should  not  cease  at  any  point  until  the  passage  of  the  dye  or  its  nonarrivul 
,ed.  The  first  sample  should  be  a  blank  taken  at  the  instant  when  the  fluorefH:^om 
n,  and  each  should  be  plainly  marked  with  the  name  of  the  well  or  spring  and  liw 
[lour  of  sampling.  After  the  color  has  passed  one  zone  of  wells,  the  agents  i«n 
to  another  circle.  Their  advance  will,  of  course,  depend  on  the  rapidity  with 
coloring  matter  progresses.  The  12  samples  representing  the  water  for  twelve 
Jhen  examined  in  series  as  rapidly  as  possible. 

EXAMINATION   OF   SAMPLES. 

ubes  of  the  fluoroscope  are  filled  from  the  12  bottles  representing  one  well  wutcr. 
en  to  arrange  them  in  chronological  order.  Then,  by  looking  at  the  tubes  a  lung 
those  showing  fluorescence  can  be  readily  selected.  It  is  often  convenient  for  a 
>  use  for  comparison  tubes  containing  dilute  fluorescein  solutions.  With  practice, 
he  natural  tint  of  the  water  will  not  be  confused  with  traces  of  fluorescein.  The 
>n  should  be  made  in  broad  daylight  before  a  white  wall.  Special  care  must  be 
ro'id  a  green  background.  By  these  tests  the  hours  of  arrival  and  of  departure  of 
.t  each  point  of  examination  are  determined,  and  if  desired  the  intensity  of  the 
can  be  estimated. 

ACTION  OP   FLUORESCEIN. 

^f  movement. — Generally  fluorescein  progresses  more  slowly  than  the  water  in  which 
ided;  on  account  of  the  greater  density  of  its  solution  it  tends  to  accumulate  in 
along  the  route  traversed.  M.  le  Couppey  de  la  Foresta  has  noted  that,  when 
is  poured  into  a  small  stream  which  later  widens  out  into  a  basin  of  still  wfitcr, 
IS  visible  for  a  certain  length  of  time  in  the  stream  below  the  basin ;  the  coloration 
ker,  till  finally  not  a  trace  can  be  found,  though  relatively  large  amounts  of  fluorvs- 
water  remain  at  the  bottom  of  the  basin;  if  finally  the  basin  be  agitated  by  the 
,ux  of  larger  amounts  of  water,  the  more  densely  colored  water  will  be  washed  out 
loresoeln  will  once  more  appear  in  the  effluent.  It  may  be  conjectured  that  large 
an  caverns  could  effect  a  retention  of  fluorescein  in  a  similar  manner.  The  first 
5  of  the  dye  at  the  outlet  might  he  unnoticed  on  account  of  its  small  amount,  so 
r  one  caused  by  heavy  inflows  of  water  to  the  caverns  would  lead  to  a  wrong  con- 
arding  the  rate  of  flow  in  the  bed.  Several  instances  of  this  character  have  lK>on 
pe  one  introduction  of  fluorescein  has  caused  two  or  more  distinct  colored  flows  tit 
relation.    (See  p.  81.) 


iptj  de  la  Fore«t,  M.,  Mode  de  propagation  de  la  fluoreacdine  sous  terre:  Bull.  See.  bdgvi 
'ol.  17, 1903,  proc.-verb.,  p.  249;  m^in.,  p.  515. 
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The  usual  mcthocl  of  expressing  the  rate  of  flow  of  the  fluoreaoeln  undei^ground  is  id  metflff 
per  hour  or  feet  per  minute,  found  by  dividing  the  horizontal  distance  in  a  straight  line  fron 
the  point  of  entry  to  the  point  of  appearance  by  the  time  which  elapses  between  the  hour  of 
putting  down  the  solution  and  its  first  appearance  at  the  spring  under  consideration. 

It  has  Ix'^n  mathematically  demonstrated  by  Nf.  de  la  Foresta  that  the  rate  thus  expreand 
is  always  loss  than  the  real  rat<>  of  progress  in  the  subterranean  stream,  from  the  fact  that  • 
certain  length  of  time,  generally  indeterminate,  is  consumed  by  the  solution  in  soaking  into 
the  lower  stratum.  If  V'  =  rate  in  feet  per  second,  D  =  distance  in  feet,  and  T  =  time  k 
seconds,  then  the  rate  is  calculated  thus: 

T 

Now  T  is  evidently  made  up  of  two  parts,  or  T  =  f,-f  ^»  where  <,  =time  consumed  in  infiltrat- 
ing through  the  material  separating  the  surface  where  the  dye  was  put  down  from  the  bed  in 
which  the  water  cir<*ulatcs,  and  t^  =  real  time  during  which  the  fluorescein  is  traversing  the 
water  stratum.     Thert^fore  the  tnie  rate*  V,  is  found  thus: 

And  the  difTerouce  U'tween  the  true  and  the  calculated  rate  b: 

'  T-t,     T     T^j 

Whence  it  will  be  s<»en  (bat  the  greater  the  time  consumed  by  the  preliminary  infiltralioB 
the  larger  wiil  Ix'  the  error  of  the  calculat<»d  rate;  and  the  error  will  vary  inversely  with  the 
permeability  of  the  soil  wIutc  the  coloring  matter  is  put  down.     If,  furthermore,  sew* 
wells  arc  sainpled  ut  various  distances  from  the  entrance  of  the  dye,  it  is  usually  found  that    i 
the  greater  tlio  distance  traveled  the  greater  is  the  calculated  velocity  for  this  reason: 

y_D_      D 

But  in  the  sanu^  cxperimoiit  f^  is  constant,  while  t.,  varies  in  proportion  with  D.  It  is cle*'' 
thcrcforo,  that  /_,  =  KD  where  K  is  h  constant  indeterminate*  for  the  same  experiment.  So» 
substituting  this  value  for  t^  in  the  alx>ve  eciuation. 

In  other  words,  the  calculated  nite  varies  dirt^ctly  with  the  distance)  traveled.     In  maP^ 
cases  this  has  Wen  found  to  l)e  tnie.     (S«'c  p.  81.) 

Dtcompofniion  of  fluorescein. — In  its  underground  passage  certain  substances  exert  ^ 
decom{)osing  influence  on  fluorescein.  Since  its  color  is  destroyed  by  acid  solutions,  it  ^ 
evident  that  it  can  not  Ix^  us<'d  in  waters  containing  any  free  acids,  except  carbonic  acid.  '^ 
large  amount  of  calcareous  matter  in  solution,  esix^cially  the  carbonates,  will  decolorize  tb^ 
dye  to  some  extent.  M.  Trillat  b  has  rej^rted  the  effect  on  fluorescein  of  cxintact  with  soib<^ 
widely  difFereiit  character.  Fluorescein  solution  containing  1  part  per  million  was  passeci 
through  30  cm.  of  soils  containing  large  amounts  of  selected  materials.    The  efiluent  wai^ 


oOp.  cit..  p.  2r»i. 

ftSur  IVniploi  tloa  iiiatitTOM  colomntcs  pour  lu  reoherchodc  rorigino  des  sources  et  des  eaux  d'iiilU- 
tration:  Hull.  Soc.  bf>lgo  g<*ol.,  etc.,  vol.  17,  1903,  proc.-verb.,  p.  301. 
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ben  examined  for  change  in  tho  intensity  of  the  color.    The  result  may  be  summarized 
lus: 

Effed  of  certain  soils  on  fluorescein. 


Soil  containing— 

Percent- 
age of 
organic 
matter. 

Percent- 
age of 
clay. 

Change  in  fluoresoeln. 

ime 

0 

4.56 

7.96 

6.09 

0 

79.20 
35 

None. 

And 

Practically  none. 

Jlay 

Do. 

-Jt 

'ftrm  manure 

49.07 

Entirely  decolorized. 
None. 

! 

From  this  table  it  is  seen  that  peaty  soil  will  destroy  the  color,  but  that  ammoniacal 
organic  matter  has  practically  no  effect  on  it.  Sandy  soils  and  clay  have  almost  no  effect. 
By  contact  with  water  containing  a  large  quantity  of  carbonate  of  calcium  for  twenty-four 
liours  M.  Trillat  found  that  the  intensity  of  the  color  was  decreased  about  ono-third. 

EXPERIMENTS   WITH   rLUOBESCEIN. 

Experiments  in  the  Dhuis  region. — The  springs  of  Dhuis,  an  important  part  of  the  city 
water  supply,  are  situated  about  80  miles  from  Paris.  The  geologic  strata  in  the  region 
are  a  succession  of  permeable  and  impermeable  beds — loam,  limestone  and  millstone,  (meul- 
i^de  Brie),  green  clay,  Champigny  travertine,  and  Phdodomya  ludensis  marl,  of  which  the 
triTertine  is  the  principal  aquifer.  This  formation,  60  to  80  feet  thick,  is  permeable  and 
cut  by  fissures.  Water  circulates  in  it  with  great  case,  often  excavating  large  caverns  by 
its  action.  It  forms  the  bottom  of  all  tho  valleys  and  ravines  and  a  great  part  of  their 
slopes.  Since  it  is  extremely  permeable,  it  absorbes  rain  water  and  frequently  engulfs  the 
waters  of  brooks  through  sink  holes  (b^toires).  From  this  bed  the  springs  of  Dhuis  flow 
*t  a  mean  rate  of  about  3,670  gallons  a  minute.  In  1901  experiments  were  made  to  dcter- 
Dwne  the  connection  of  these  springs  with  possible  sources  of  surface  pollution.  Fluores- 
cein in  varying  amounts  was  poured  into  sink  holes  at  different  parts  of  the  watershed  and 
Its  progress  noted  by  samples  taken  along  its  possible  course.    The  results  are  as  follows: 

Experiments  wUh  fluoresc^n  in  Champigny  travertijie.a 


No.  of  experiment. 

Fluores- 
cein used. 

Pounds. 
1.1 

Distance 
traveled. 

1... 

Feet. 

0 
10,004 
10,332 
9,512 
9,676 
0 
4,756 
4,920 
6,396 
8  856 

u... 

lb.. 



le... 

w... 

2... 

.66 

2a... 

2b.... 

2e... 

M.... 

3 

2.64 

0 
17,384 

h 

Differ- 
ence  in 
eleva- 
tion. 

Me^n 
rate  of 
slope. 

Time       Rate  of 
elapsed.        flow. 

1 

Hard- 
ncss.b 

Feet. 

Per  cent. 

Feet  per 
Hours,      minute. 

Parts  per 
million 
Ca  COt. 

169 
166 
156 

1.6 
1.6 
1.6 

13  1          12.8 

14  1          12.3 
13  1          12.2 
13  I          12.4 

1 

236 
218 

1 
159            1.6 

1 



162  1          3. 4 

207            4.2 

226            3.5 

164            1.8 
1 
1 . 

7  i          11.3  [             762 
9  1          9. 1  1            2:w 
12  !           8.9  1             234 
18  1           8.2  ,             242 

1 ' 

126 

.72 

33  1           8.8 

365 

•Commission  de  Montsouris,  Travaux  des  ann^s  1900  et  1901.  p.  208. 

•The  hardness  of  these  waters  was  exprnssod  in  "  dcgr<^shydrotira<?triques,"  1°  is  equivalent  to  10  mg. 
of  eileiom  carbonate  per  liter.    Post,  Analyse  chimique  appliqude  aux  csaais  industriels,  p.  9. 
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Experiments  with  fluorescein  in  Champigny  travertine — Continued. 


No.  of  experiment. 


7fii 


3b 

Pounds. 

3c 

3d 

3e 

4 

1.76 

4a 

4b 

5 

.22 

5a 

5b 

5c 

5d 

6               

1.98 

6a     

6b 

Fluores-  :  Distance 
celn  used.'  traveled. 


Feet. 

18,040 

18,532 

18,532 

18,532 

0 

10,824 

10,824 

0 

1.312 

1,640 

1,640 

1,640 

0 

8,856 

8,856 


Differ- 
ence in 
eleva- 
tion. 

.   Mean 
rate  of 
slope. 

Time 
elapsed. 

Rate  of 
flbw. 

Hard 

IMM. 

Feet. 
189 
188 
188 
188 

Per  cent. 
1.04 
1.01 
1.01 
1.01 

Hours. 
30 
30 
3D 
32 

Feet  per 
minute. 

10 

10.3 

10.3 

9.6 

Parts  ] 
mtUu 
Caa 

117 
114 

1.08 
1.05 

12 
12 

15 
15 

42  1         3.2 
40  '          2.4 
40  1          2.4 
40  i          2.4 

4 
5 
5 
5 

5.5 
5.5 
5.5 
5.5 

' 

18 
14 

8.2 
10.5 

In  column  1  tho  number  of  the  experiment  is  given;  the  lettered  numbers  indicate  poi 
at  which  samples  were  taken;  in  experiment  No.  1,  for  instance,  samples  were  taken  at  i 
different  places,  numbered,  resp<»ctively,  la,  lb,  Ic,  Id.  Column  2  shows  the  amoun 
fluorescein  used  in  each  experiment.  In  column  3  is  given  the  distance  in  a  straight 
between  the  point  at  which  the  fluorescein  was  put  down  and  the  point  at  which  the  san 
was  taken.  In  column  4  is  shown  the  difference  in  elevation  between  the  entering  pt 
of  the  fluorescein  and  the  sampling  point.  Column  5  gives  the  average  rate  of  slope  of 
water  bed;  it  is  found  by  dividing  the  difference  in  elevation  by  the  distance  between 
points.  In  column  6  the  time  elapsed  between  the  hour  of  putting  down  the  fluores( 
and  its  first  appearance  at  each  sampling  point  is  given,  while  column  7  expresses  the  i 
of  flow  of  the  fluorescein  underground  in  each  case.  The  total  hardness  of  the  wate 
column  8  is  given  to  show  that  experiments  with  fluon^cein  may  Ik;  conducted  even  w 
the  amount  of  lime  in  the  water  is  rather  high. 

One  of  the  most  striking  features  of  these  experiments  is  the  distances  that  the  fluore» 
traveled.  In  experiment  3c,  3d,  and  '^  it  went  considerably  over  3  miles  and  the  t 
taken  for  the  journey  was  over  a  day.  Even  for  this  great  distance,  however,  the  amoun 
fluorescein  necessary  was  not  exc4^«sive,  Iwing  a  little  over  2.5  pounds.  The  rate  of  1 
varied  in  difTerent  parts  of  the  formation  from  5.5  feet  to  15  feet  per  minute,  a  flgure  wl 
is  influenced  both  by  the  slope  of  the  water  bed  and  the  size  of  the  apertures  through  wl 
the  water  passes.  In  experiment  3  to  3e  particular  attention  is  called  to  the  concords 
of  the  results.  In  3a,  with  a  distance  traveled  of  17,384  feet  and  a  total  fall  of  126  feet, 
fluorescein  progressed  at  the  rate  of  8.8  feet  per  minute.  With  an  increase  of  the  si 
and  some  increase  of  distance  traveled  as  shown  in  3b  to  3d  there  was,  as  would  be  expec 
a  corresponding  increase  in  the  rate  of  flow.  In  3e,  through  some  underground  influe 
there  was  a  slight  decrease  in  the  rate  of  flow.  Though  these  waters  contained  amouni 
calcium,  corresponding  to  a  total  hardness  of  218  to  762  parts  ptT  million,  yet  no  diffic 
was  experienced  in  making  the  experiments,  even  when  the  fluorescein  was  in  contact  y 
the  calcareous  rock  from  five  to  thirty  hours. 

These  have  \>een  chosen  as  typical  results  in  formations  where  there  is  free  circulatio 
water  through  well-defined  veins  or  seams,  and  not  a  slow  seepage  through  beds  of  i 
having  small  interstices.    The  principal  points  to  be  noted  are: 

1.  Fuorescein  is  capable  of  traveling  long  distances. 
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2.  Large  amounts  of  calcium  may  be  present  without  preventing  the  experiment. 

3.  Fluorescein  is  not  destroyed  by  comparatively  long  contact  with  underground  waters. 
ExperimerUs  in  the  region  of  Yonne  and  Cure. — The  results  of  only  five  experinTiCnts  in  the 

valleys  of  Yonne  and  Cure  are  noted  in  the  following  table,  but  they  are  noteworthy  on 
account  of  the  various  conditions  under  which  they  were  performed: 

Experiments  with  Jfuorescetn  in  the  vaUeyH  of  Yonne  and  Cure.a 


No.  of  experiment. 

Fluores- 
cein used. 

Distance 
traveled. 

Differ- 
ence in 
eleva- 
tion. 

Mean 
rate  of 
slope. 

Time 
elapsed. 

Rate  of 
flow. 

1« 

Pounds. 
0.6 
6.6 

Fret. 
492 

15,580 
15,744 
15,744 
16,794 
19,680 

0 
4,100 

0 
19,680 
27,552 
38,048 
38,048 
37,884 
37,884 
38,212 
38,212 

0 
42,964 
42,984 
43,558 
43.5.58 

Feet. 

Per  cent. 

Houn. 
24 

Feet  per 
minute. 

0.34 

2fc 

2a 

228 
226 
226 
224 
230 

1.4 
1.4 
1.4 
1.3 
l.l 

100 
100 
101 
74 
72 

2.5 

2b 

2.6 

2c 

2.6 

2d.... 

3.8 

ae .^ 

4.6 

3e 

2.2 

3a 

1.6 

1.25 

55 

i'.... 

4.4 

4».... 

1.5 
1.1 
l.l 
1.1 
l.l 
1.1 
l.l 
l.l 

34 
32 
42 
60 
40 
66 
43 
59 

9.6 

4b 

14 

te... 

15 

10 

4d .      . 

16 

9.6 

te... 

14.8 

4.4 

10.8 

6».. 

5» 

322 
322 
328 
328 

.76 
.76 
.75 
.75 

168 
220 
172 
222 

4.3 

*b... 

3.2 
4.2 

3.3 

"  UCouppey  de  la  Forest,  M.,  Commission  de  Montsouris,  Travaux  d«  I'ann^  1902,  pp.  38, 284. 

*  Idem,  p.  250. 

'j(tem,p.272. 

•Idem,  p.  286. 

'  Idem,  p.  282. 

h  experiment  1  a  small  amount  of  fluorescein  was  put  into  a  well  about  160  feet  deep 
"^  io  the  compact  limestones  of  the  Rauracian.  It  required  twenty-four  hours  for  the 
^^Joring  matter  to  progress  a  distance  of  about  500  feet.  This  experiment  shows  how  slow 
"*fl  rate  of  flow  is  in  limestone  when  that  rock  is  compact  and  not  cut  up  by  large  fissures. 
^^  tlso  shows  that  fluorescein  can  permeate  fairly  solid  rock  even  when  it  is  not  full  of 
fivores. 

^poiment  2  to  2e  indicates  the  progress  of  the  seepage  from  an  irrigated  tract  of  land 
A^t  one-fourth  mile  from  the  hamlet  of  Souille.  A  brook  flowing  a  little  over  10  gallons 
*  minute  was  diverted  on  a  field  of  about  5  acres,  where  its  waters  were  slowly  but  entirely 
*^bed  into  the  soil.  In  the  belief  that  this  water  reached  springs  of  the  region  6.6 
pounds  of  fluorescein  were  poured  into  the  brook;  it  appeared  in  these  springs  after  inter- 
▼tb  vtrying  from  seventy-two  to  one  hundred  and  one  hours.  The  rates  of  flow  were  low. 
Moreover,  the  springs  farthest  removed  from  the  point  where  the  fluorescein  was  put  down 
htA  the  highest  rates  of  flow,  though  the  mean  slope  toward  them  was  less  than  in  the 
BMrer  springs.    This  fact  shows,  as  discussed  on  page  78,  that  the  time  consumed  for  tlMl 
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infiltration  of  the  fluorescein  from  the  surface  to  the  underground  aquifer  was  oonsiderable 
and  concealed  the  true  rate  of  flow  in  the  subterranean  channels  of  the  lithographic  liow- 
stones  of  the  Sequanian  and  the  Rauracian.  Another  interesting  fact  is  that  spring  2i, 
2b,  and  2c,  namely,  those  nearest  the  irrigated  field,  were  but  slightly  colored  for  tweha 
hours;  on  the  otheir  hand,  springs  2d  and  2e  were  colored  for  thirty-six  hours  with  to 
intensity  visible  to  the  naked  eye.  The  connection  of  springs  2d  and  2e  with  the  infiltn- 
tion  from  the  irrigated  field  would  probably  never  have  been  suspected  from  a  topographie 
survey  of  the  region,  because  three  dry  valleys  and  considerable  distances  intervened. 

On  the  left  bank  of  Cure  River  a  cavern  called  La  Grotte  des  Goulettes  is  in  direct  com- 
munication with  the  river  and  engulfs  a  considerable  portion  of  its  water  at  all  oeaiions  «f 
the  year.  At  the  time  when  experiment  3  to  3a  was  performed  the  cavern  absorbed  about 
100  gallons  a  minute.  After  2.2  pounds  of  fluorescein  had  been  put  into  the  water  at  the 
entrance  to  this  cave  it  appeared  in  the  water  of  a  spring  (3a)  4,100  feet  distant,  in  one  hoar 
and  fifteen  minutes,  after  traveling  at  the  high  rate  of  55  feet  a  minute.  In  this  instance 
there  was  undoubtedly  a  well-defined  subterranean  channel  of  good  size  connecting  L* 
Grotte  des  Goulettes  with  the  spring  in  question. 

At  Petit-Banny  (experiment  4  to  4e),  located  in  the  valley  of  Druyes,  4.4  pounds  of  fluores- 
cein were  put  on  the  porous  bed.     It  traveled  for  the  extraordinarily  long  distances  of 
19,680,  27,552,  38,048,  37,884,  and  38,212  feet,  through  fissured  limestone  formationa- 
It  will  be  noted  that  in  this  experiment  and  in  others  where  the  distance  traveled  was  le80# 
with  an  increase  of  distance  there  is  a  corresponding  increase  in  the  rate  of  flow,  showing 
that  some  time  is  taken  for  absorption  into  the  underground  channel.     For  springs  4c;  4A» 
and  4e  two  rates  of  flow  are  given,  corresponding  to  two  successive  influxes  of  colored  wateV' 
separated  from  each  other  by  eighteen,  fourteen,  and  fourteen  hours,  respectively.    Prol:^^ 
ble  reasons  for  two  influxes,  as  previously  discussed  (p.  77),  are  either  that  the  colore"^ 
water  arrived  at  the  outlets  by  two  different  routes  or  that  it  became  sedimented  in  soDC*^^ 
cavity  and  was  then  washed  out  by  a  lat«r  influx  of  water. 

Experiment  5  to  5b  gives  the  greatest  distance  for  the  underground  journey  of  fluoresoeC^* 
noted  in  the  reports  at  hand,  namely,  43,558  feet  in  the  experiment  at  Courson.  Goutbc^^ 
Brook  is  absorl)ed  by  progressive  infiltration  in  the  permeable  beds  of  the  Sequanian  in  ^ 
distance  of  about  650  feet  along  its  bed.  Four  and  four-tenths  pounds  of  fluorescdn  w^^"^ 
put  into  the  stream.  It  was  found  at  Crisenon  (5a)  and  Grosse-Piene  (5b),  over  8  wS^ 
away,  after  having  traversed  the  fissured  limestones  of  the  Sequanian  and  the  Rauraci*** 
at  the  rate  of  4.3  and  4.2  feet  a  minute,  respectively.  At  both  of  these  springs  a  seco**** 
flow  occurred  as  noted.  Even  after  sucii  long  journeys  as  these  there  is  an  apparent  inO^^ 
ence  of  the  time  taken  for  infiltration  through  the  absorption  bed. 

Experiment  at  Aujcerre. — An  especially  noteworthy  experiment^  was  conducted  ** 
Auxerre  to  demonstrate  the  passage  of  polluted  water  from  a  ditch  through  alluv*^ 
deposits  of  sand  and  gravel  into  a  collecting  gallery  from  which  the  city  supply  i^^^ 
taken. 

A  collecting  gallery  about  300  feet  long  in  the  alluvium  of  the  Yonne  is  situated  1^^ 
to  230  feet  from  the  river.     Its  top  Ls  2.8  feet  and  its  water  plane  4.3  feet  below  the  exM^ 
face.    A  polluted  brook  ran  directly  toward  the  collecting  gallery  until  within  28  fe^^ 
then  turned  nearly  at  a  right  angle  and  paralleled  it  at  about  the  same  distance.    I"^! 
water  surface  was  from  1.2  to  3.5  feet  above  that  of  the  gallery,  from  which  l,130,0tP^ 
gallons  of  water  were  pumped  daily.    Two  and  two-tenths  pounds  of  fluorescein  were  pi^ 
into  the  brook  2^  feet  in  a  straight  line  from  the  collecting  galleries,  and  samples  wei«^ 
then  taken  of  the  water  pumficd  from  the  galleries.     Fluorescein  was  shown  two  and  one^^ 
fourth  hours  after  the  dye  was  put  into  the  brook,  and  an  intense  coloration  was  clearly* 
visible  to  the  naked  eye  in  about  ten  hours,  lasting  thirteen  hours.     By  examining  sain-^ 
pies  from  many  sources  throughout  the  city  and  estimating  the  amount  of  fluorescein  pres- 
ent, it  was  found  that  the  city  water  was  colored  for  thirteen  houra  at  an  average  of  1 
part  of  fluorescein  in  30,000,000.     During  that  period  about  600,000  gallons  were  pumped 


a  Le  Couppov  do  la  Forest,  M.,  La  fidvro  typholde  k  Auxcrrc  en  1902:  Revue  d'hygitae  et  de  poUoe 
Baoitaire,  vol.  24,  pt.  U,  1002. 
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from  the  galleries,  containing,  therefore,  0.17  pound  of  fluorescein.  Since  2.2  pounds  were 
put  into  the  brook  and  0.17  pound  reached  the  city  water,  it  may  be  estimated  that  the 
ditch  water  reaches  the  galleries  in  the  proportion  of  2.2  to  0.17,  or,  to  allow  for  some 
small  error,  about  one-fifteenth  of  the  brook  water  infiltrates  to  the  town  supply.  Since 
the  stream  flowed  at  that  time  950  gallons  a  minute,  or  about  1,370,000  gallons  a  day, 
while  the  gallery  consumption  was  1,130,000  gallons  a  day,  it  will  be  seen  that  about  8 
per  cent  of  the  city  supply  was  water  from  the  polluted  brook. 

As  previously  stated,  it  took  two  and  one-fourth  hours  for  the  fluorescein  to  reach  the 
filter  galleries.  Assuming  that  the  infiltration  extended  from  the  point  at  which  the  fluo- 
rescein was  put  down,  the  coloring  matter  would  have  progressed  with  a  rate  of  113  feet 
an  hour  through  the  alluvial  deposits.  If,  on  the  contrary,  the  infiltration  took  place 
between  the  ditch  and  the  gallery  at  the  nearest  point,  it  occurred  at  the  rate  of  12.4 
feet  per  hour.  Assuming  a  maximum  filtration  rate  of  3,000,000  gallons  per  acre  per  day 
for  an  efficient  sand  filter,  it  may  be  inferred  that  this  brook  water  reached  the  collecting 
gilleries  with  practically  no  purification. 

SUMMARY. 

1.  In  determining  the  sanitary  value  of  a  well  or  spring  it  is  more  important  to  study 
the  underground  flow  than  to  analyze  the  water  itself. 

2.  Foreign  substances  put  into  the  aquifer  and  traced  from  point  to  point  are  of  great 
use  in  this  study. 

3.  With  the  fluoroscope  one  part  of  fluorescein  can  be  detected  in  10  billion  parts  of 
witer. 

4.  Fluorescein  is  a  particularly  valuable  flow  indicator  for  fissured  or  cavemized  rocks. 
&  It  is  also  available  in  gravels,  where  it  has  been  used  with  success. 

6.  It  progresses  at  a  slightly  lower  rate  than  the  water  in  which  it  is  suspended. 

7.  It  is  not  decolorized  by  passage  through  sand,  gravel,  or  manure;  it  is  slightly  decom- 
poKd  by  calcareous  soils. 

8.  It  is  entirely  decolorized  bv  peaty  formations  and  by  free  acids,  except  carbonic  acid. 

9.  It  has  been  used  with  muSi  success  for  several  years  by  the  city  of  Paris. 

PARTIAL  BIBLIOGRAPHY. 

^HT-Lkvt.    Rapport  sur  les  experiences  k  la  fluoresc(^ine.    Commission  de  Montsouris:  travaiix  do 

Itt^lQOO,  p.  225. 
Valines  de  la  Vanne  et  de  I'Yonne:  Hydrologie  souterraine.    Communications  entre  les  eaux 

nperflciellea,  lea  eaux  souterraines  et  les  sources.    Commission  de  Montsouris:  travaux  de  189&- 

1900,  p.  291;  travaux  de  1900-1901,  p.  249. 
BuiD.    £tude  des  pertes  de  TAvro  et  do  ses  aflluents.    Comptes  rendus  Soc.  ing^nieurs  civils  do 

Fiaooe  octobre,  1899. 
BitDiLLX.    Vllle  d'Auxerre:  Adduction  d'eaux  des  sources.    Le  Bourguignon*  December  27, 1902. 
CoMinsnoN  scikntifioue  de  perfectionnement  de  l'Obsebvajoire  de  Montsouris.    Travaux 

nr  lea  eaux  d'alimentation  et  les  eaux  d'(5gouts  de  la  villc  de  Paris.    1899  et  seq. 
Commission  de  Montsouris.    Programme  des  travaux  de  la  commission  technique  pour  I'i^tude  des 

e»ax  potables  capt<^s  pour  I'alimentatlon  de  la  ville  de  Paris.    Travaux  de  1899-1900,  pp.  83-88. 
Coqht.   Emploi  de  la  fluoreac^ine  dans  Thydrographie.    Bull.  Soc.  fribourg.  sciences  naturclles,  C.  R. 

190M902,  No.  10,  p.  34. 
^^lET.    Lea  aoaroea  de  la  craie.    Revue  g<^n«''rale  des  sciences,  1901,  p.  1014. 
£tade  dea  sources  de  Fontaine-sous-Jouy.    Commission  do  Montsouris:  travaux  dc  1900-1901, 

p.  347. 
•  Premier  rapport  sur  le  courant  souterrain  des  Boscherons.    Commission  de  Montsouris;  tra- 

▼MUdel900-1901,  p.  387. 
"• —  ^dea  aur  lea  sources  de  la  vllle  de  Paris  captt'-es  dans  la  region  do  I'Avre.    Commission  de 

Montaoaria:  travaux  de  1900-1901,  p.  219;  travaux  de  1899-1900,  p.  2t'>3. 
Premier  rapport  sur  les  sources  du  Loinget  du  Lunaln.    Commission  de  Montsouris:  travaux 

<ie  1900-1001,  p.  ISO. 
— —  (^lelquea  remarques  sur  los  oxpi^rU'nws  faites  avec  la  fluorescdlne  et  lo  sel  marin.    Bull.  Soc. 

beige  g*ol.,  etc.,  vol.  17,  1903,  proc.-vrrb.,  p.  438. 
ItoBT  WT  Ouillerd.    Sources  du  bassinde  la  Ilaute-Scine.    Commission  dc  Montsouris:  travaaJ 

de]»0-1901,p.fi65. 


84  UNDERGROUND-WATEB  PAPERS,  1906. 

DioNis  DES  CARRifcRES.    Etiologie  de  l'<^pid<^inie  typholde  qui  a  MbXA  k  Aaxerre  en  ieptembn  Ml 

Bull,  et  m<»iii.  Soc.  mM.  des  h6pitaux  de  Paris,  vol.  9,  2'  b^t.,  1882,  p.  277. 
FoBEL.    Lc  lac  de  I'Orbo  aouterraine.    Bull.  Soc.  beige  g^l.,  etc.,  vol.  17, 1903,  proc.-verb.,  p.  3A 
FouRNiER.    Lettre  sur  la  fluorcsc^^ine.    Bull.  Soc.  beige  g^l.,  etc.,  vol.  17, 1903,  proc.-verb.,  p.  282. 
FouRNiER  ET  Magnin.    Essai  Bur  la  circulation  des  caux  soutcrraines  dans  les  maaaifs  calcairet  do 

Jura.    Bull.  Soc.  l>elge  de  gi^ol.,  etc..  vol.  17, 1903,  nn^m.,  p.  523. 

Surlapropa^tiondescauxsouterraines.    Bull.  Soc.  l)elgegtol.,  etc.,  vol.  17, 1903,  proc-verb., 

p.  209. 

Sur  la  Vitesse  d'^coulemcnt  des  eaux  souterraines.    Comptea  rendua  Acad,  nt..  No.  14^  April 

6, 1903,  p.  910.    .\lso  Bull.  Soc.  belgi>  gt^ol.,  etc.,  vol.  17, 1903.  proc.-verb.,  p.  444. 

QOLUEZ.    Note  sur  les  essais  de  coloration  des  eaux  do  I'^coulement  sontermln  des  laca  de  la  vallfc 

do  Joux.    Bull.  Soc.  beige  g^l..  etc.,  vol.  17,  1903,  proc.-verb.,  p.  336. 
IMBBAUX.    Note  sur  une  expc^riencc  k  la  fluoresctMno  dans  le  plateau  de  Haye.    Bull.  Soc.  belgsgteL, 

etc.,  vol.  17,  19a3,  proc.-verb..  p.  353. 

Lettre  sur  la  fluoresccMne.    Bull.  Soc.  beige  g^ol.,  etc.,  vol  17, 1903,  proc.-verb  ,  p.  267. 

Janet.    Note  sur  le  captage  et  la  protection  des  sources  des  eaux  potables.    Comptes  rendos  Acid 

sci.,  vol.  131,  1900,  p.  301. 

Note  sur  leraploi  de  la  fluoresc^ine.    Bull.  Soc.  beige g6ol ,  vol.  17,1903, proo.-verb.,  p. 257. 

Conf<^rence  de  g(^ologio  appliqu(^  sur  le  captage  et  la  protection  des  souroes  d'eau  potable.   BoQ. 

Soc.  g6ol.  France,  3''  s<5r.,  vol.  27,  1899,  p.  534. 

Programme  propos<^  pour  les  cxp4riences  de  coloration  k  la  fluoresc^ine.    Commission  de  ICoot- 

souris:  travnux  de  1899-1900,  p.  216. 

Travatix  de  captage  dos  sources  des  valines  du  Loing  et  da  Lonaln.    Livret-gulde  publM  {*<  " 

le  comit<$  d'organisation  du  huitidme  congrOs  g<^ologique  international.    Paris,  1900. 

J£rOme.    Exeraple  de  la  solution  de  menus  probldmes  <}'hydrologio  par  to  procM^  de  la  coloration^ 

eaux  k  I'aidc  de  la  fluoresc6ine.    Bull.  Soc.  beige  g^oi..  etc.,  vol.  16, 1902,  proc.-verb.,  p.  166. 
Kemma.    Enqu^te  sur  lo^  eaux  de  Paris.    Bull.  Soc.  beige  g6ol.,  etc.,  vol.  15, 1901,  proc-verb.,  p.  22^ 

Des  difT(^n>nces  de  vitesso  et  do  density  des  eaux  et  sur  les  obstacles  an  melange.    BnlL  8f^ 

beige  g6ol,  etc.,  vol.  17, 1903,  proc.-verb.,  p.  292. 

Le  Couppey  de  la  Forest.    Lettre  sur  I'emploi  de  la  fluoresc^ine.    Bull.  Soc.  beige  g^I.,  etc.,  voU  ^''* 
1903,  proc.-verb.,  p.  265. 

Choix  de  Templaoement  des  cimetiftres.    Bull.  Soc.  beige  g6ol.,  etc.,  vol.  17, 1903,  proc.-ve^^** 


p.  112. 


£tudo  des  sources  de  vall^s  de  TYonne  et  de  la  Cure;  deuxi^me  rapport.    Commission. 


^ 


Montsouris:  travaux  de  1902,  p.  151.  ^— rtO 

—  £tude  du  pi^rimt^tro  d'alimentation  de  la  Dbuis.    Commission  de  Montsouris:  travaux  de  1^^ 
et  1901,  p.  179;  travaux  de  1902,  p.  151. 

—  La  fl^vre  typhoide  k  Auxerrc  en  1902     Revue  d'hygidne  et  de  police  sanitaire,  vol.  24,  p.  486.  . 

—  Les  experiences  k  la  fluoresc^ine  et  les  rechercbes  hydrologiqucs  eflectu^s  pour  la  yi^"^ 


d'Auxerre.    Bull.  Soc.  sci.  hist,  et  nat.  de  I'Yonne,  pt  1, 1903. 
—    M^thodc  employ^  par  la  ville  de  Paris  pour  I'^tude  des  eaux  do  souroes.    Bull.  Soc  sci.  hl^^' 
et  nat.  de  TYonne,  pt.  2,  1902,  p.  27 

Note  sur  ime  exp<^rience  k  la  fluoresc4ine  effoctU(k>  k  Ct^risiers.    Commission  de  Montsooii^^ 


travaux  de  1902,  p.  127. 

Sources  de  la  Dhuis:  rd8um6  du  rapport  pr^sent^  k  la  Commission  de  Montsouris. 

Sur  le  mode  de  propagation  de  la  fluoresc^ine  sous  terre.    Bull.  Soc.  beige  gtol.,  etc.,  voL  Ir^ 

1903,  proc.-verb,,  p.  249;  m6m.,  p.  515. 

LouEST.    Lettres  sur  la  fluoresc6ine.    Bull  Soc.  beige  g^ol.,  etc.,  vol.  17, 1903,  proc.-verb.,  p.  266. 
Marboutin.    Sur  I'observation  du  trouble  dans  les  eaux  de  sources     Bull.  Soc.  beige  g6oI.,  etc.,  vol, 
17,  1903,  proc.-verb.,  p.  447. 

Essai  sur  la  propagation  des  eaux  souterraines.    Bull.  Soc.  beige  g^ol.,  etc.,  vol.  17, 1903,  proc- 
verb.,  p.  273. 

Contribution  k  T^tude  des  eaux  souterraines.    Comptes  rendus  Acad,  sci.,  vol.  132,  p.  365. 

£tudes  hydrologiqucs,  mission  du  Val  d'0rl6ans     Commission  de  Montsouris;  travaux  de 

1900-1901,  p.  401. 

Nouvelle  m<5thode  d'^tude  des  eaux  de  sources.    M»5m.  Soc  ing6nieurs  civiis  de  France,  voL  131* 

1901,  p.  365. 

Sur  la  propagation  des  caux  souterraines;  nouvelle  m^thodc  d'emploi  de  la  fluoiescdlne.    Bull. 

Soc.  beige  gdol..  etc.,  vol.  15, 1901.  m«5m.,  p.  214. 

Martel.    Sur  I'application  de  la  fluoresc<^ine  k  I'hydrologic  souterraine.    Comptes  rendus  Acad.  sci.» 
vol.  137,  1903,  p.  225.    Also  Bull  Soc.  beige  gt^ol.,  etc,  vol.  17, 1903,  proc.-verb.,  p.  475. 

Notes  sur  la  vitessc  et  les  retards  de  la  fluoresc^ine.    Bull.  Soc.  beige  g6oi ,  etc.,  vol.  17,  1903, 

proc.-verb.,  pp.  205,  409. 

Sur  I'emploi  de  la  fluoresc^ino  on  hydrologie.    Bull.  Soc.  beige  g«5ol.,  etc.,  vol.  17,  1903,  proc.- 
verb.  p.  342. 

• Experiences  compiemcntaires  sur  la  fluoresceine.    Bull.  Soc  beige  g^ol.,  etc,  voL  17,  1903, 

proc.-verb.,  p.  543. 


USE   OF  FLUORESCEIN   IK   TBAOING    WATERS.  85 

KY8.    Uote  BUT  la  flaoreac^ne.    Bull.  Soc.  beige  g6ol.,  etc.,  vol.  17, 1903,  proc.-verb.,  p.  263. 

>ZKB.    Notes  «ur  la  fluoreac^ine.    Bull.  Soc.  beige  gtol.,  etc.,  vol.  17,  1903,  proc.-verb.,  pp.  351,  541. 

>ZBX  KT  Rahib.    R^sumd  synthotique  de  la  discussion  relative  k  Temploi  dc  la  fluoresc^ine  pour 

dtade  de  la  vitesse  des  eaux  courantes  souterraines  et  k  I'air  libre.    Bull.  Soc.  beige  g^ol.,  etc., 

t>l.  17,  1903,  p.  6^. 

at.    Une  experience  au  sujet  du  mode  de  propagation  de  la  fluoresc^ine.    Bull.  Soc.  beige  g(^oI., 

tc.,  vol.  17, 1903.  proc.-verb.,  p.  308. 

DT.    NouveUes  instructions  k  suivre  pour  T^tude  des  projets  d'alimentations  d'eau  potable  des 

ommunes  de  France.    Bull.  Soc.  beige  g6ol.,  etc.,  vol.  15, 1901,  proc.-verb.,  p.  74. 

JU>T.    Notes  conoemant  la  vitesse  de  propagation  de  la  fluoresc^ine.    Bull.  Soc.  beige  g^ol.,  etc., 

roL  17,  1903.  proc.-verb.,  p.  293. 

QUIT,    ^ude  hydrologique  et  hsrgl^nique  sur  le  courant  souterrain  des  Boscherons.    Commission 

le  Montsouris:  travaux  de  1908,  p.  161. 

,LAT.    Sur  I'emploi  des  matiftres  colorantes  pour  la  recherche  de  I'origine  des  sources  et  des  eaux 

rinait ration.    Comptes  rendus  Acad.  sci..  vol.  128, 1899,  p.  G08. 

—  Note  sur  la  fluoresc^ine.    Bull.  Soc.  beige  g^ol.,  etc.,  vol.  17, 1903,  proc.-verb.,  p.  261. 

—  Essai  sur  I'emploi  des  matidres  colorantes  pour  la  recherche  des  eaux  d'lnfiltration.    Bull.  Soc. 
beige  gtol..  etc..  vol.  17, 1903,  proc.-verb.,  p.  301.    Also  Annal.  Inst.  Pasteur,  vol.  18,  pp.  444-451. 

[  Den  Brokck.    Les  recherches  de  MM.  Marboutin  et  Schloesing  au  sujet  de  I'^tude  des  eaux  pota- 
bles.   Bull.  Soc.  beige  g^l.,  etc.,  vol.  15, 1901,  proc.-verb.,  p.  155. 

—  La  Lesae  souterraine  et  sa  traverse  sous  les  deux  boucles  de  Furfoox  et  Chaleux,  demontrte 
par  la  fluoiesc^ine.    Bull  Soc.  beige  de  g^ol.,  etc.,  vol.  17,  1903,  proc.-verb.,  p.  70;  m^m.,  p.  119. 

—  L'ind^pendanoe  de  sources  d'origines  et  de  temperatures  differentes  inflrmee  par  la  fluores- 
(rflne.    BulL  Soc.  beige  g^oL,  etc.,  vol.  17, 1903,  proc.-verb.,  p.  403. 

—  Notes  sur  la  fluoresceine.     Bull.  Soc.  beige  gdol.,  etc.,  vol.  17, 1903,  proc.-verb.,  pp.  240,  355,  301. 
N  Den  Bboeck  et  Rahir.    Exhibition  d'un  tholomfttre,  nouvcl  appareil  pratique  destine  k  mesurer 

le  degre  de  transparence  des  eaux.    Bull.  Soc.  beige  geol.,  etc.,  vol.  17,  1903,  proc.-verb..  p.  448. 

—  Experiences  sur  la  densite  de  la  fluoresceine  dissoute  dans  I'eau  et  sur  la  vitesse  de  propagation 
deoette  matiire  colorante.    BulL  Soc.  beige  geol.,  etc.,  vol.  17,  proc.-verb.,  1903,  p.  531. 


PECULIAR  MINERAL  WATERS  FROM  CRYSTALLINE 
ROCKS  OF  GEORGIA. 


By  Mybon  L.  Fulx£r. 


INTRODUCTION. 

In  this  paper  are  described  a  number  of  wells  and  springs  in  the  Piedmont  area  of  Qeoigi 
which,  in  view  of  the  character  of  the  rock  in  which  they  are  sunk,  afford  mineral  wat« 
of  remarkable  character.  The  attention  of  the  writer  was  called  to  the  springs  by  ^ 
S.  W.  McCallie,  assistant  State  geologist  of  Georgia,  who  accompanied  him  on  a  visit 
the  locality  and  courteously  furnished  a  number  of  analyses  made  by  Dr.  Edgar  EveA* 
of  the  local  survey. 

The  waters,  which,  for  supplies  coming  from  crystalline  rocks,  are  enormously  hig^ 
chlorine  and  sulphates,  are  obtained  from  a  number  of  wells  and  springs  situated  near  ^ 
town  of  Austell,  on  the  Southern  Railway,  m  Cobb  County,  near  the  Douglas  County  1* 
20  miles  northwest  of  Atlanta  and  a  little  west  of  Sweetwater  Creek,  a  tributary  of  C^ 
tahoochee  River.  They  are  included  in  the  Marietta  quadrangle  of  the  United  St^ 
Geological  Survey.  One  spring  and  three  wells  have  been  developed  within  a  short  ' 
tance  of  the  town,  their  waters  being  placed  on  the  market  for  medicinal  purposes. 

DESCRIPTION  OF  WELLS  AND  SPRINGS. 

BORDEN    LmilA    SPRING. 

This  Spring,  which  is  situated  about  a  mile  south  of  Austell  and  a  similar  distance  nor 
east  of  Lithia  Springs  station,  is  stated  to  Ix^  the  most  important  spring  in  Greoi^a  fr 
the  standpoint  of  value  of  shipments.  The  water  issues  from  a  crevice  in  the  bottom 
a  basin  blasted  out  to  a  depth  of  several  feet  in  the  gneissoid  granite,  which  here  outer 
in  strong  ledges  of  almost  unweathered  rock.  The  basin  is  protected  by  a  glass  coven 
and  all  surface  seepage  is  carefully  excluded.  The  yield,  which  is  alx)Ut  3  gallons  a  no 
utc,  is  very  constant,  and  the  water  has  shown  no  noticeable  change  in  composition  si 
first  discovered  many  years  ago.  In  fact,  the  locality,  Ixvausc  of  the  visits  of  deer  U 
for  salt,  has  been  known  to  the  Cherokee  Indians  a^;  the  "deer-lick"  from  the  time  of  tl 
earliest  traditions. 

The  composition  of  the  water  is  shown  in  the  table  of  analyses  on  page  88.  The  U 
perature  is  normal. 

The  principal  spring  at  Austell  was  originally  a  few  hundred  feet  west  and  across 
strike  from  the  Borden  spring,  but  was  rumed  some  years  ago  by  an  ingress  of  fresh  wi 
brought  alx)ut  by  blasting  in  an  effort  to  increase  the  flow. 

Another  salt  spring,  known  as  the  MedI(Kk  spring,  is  located  a  short  distance  from 
Medlock  well  (see  p.  87),  but  is  no  longer  used,  and  no  analysis  of  its  water  was  made, 
composition,  however,  the  water  appears  to  be  similar  to  those  of  neighboring  wells  an4 
the  Borden  Lithia  Spring. 
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ARTESIAN   LITHIA   WELL. 

This  well,  which  is  located  near  Sweetwater  Creek,  a  little  north  of  Austell,  is  2  inches  in 
dUuneter  and  is  reported  by  some  to  be  900  feet  deep,  though  others  state  that  it  is  not 
over  750  feet.     It  appears  to  have  been  put  down  in  search  of  anthracite  coal,  which  some- 
one imagined  could  be  found  in  the  granite  of  the  region.    The  well  penetrated  for  most  of 
tbe  way  a  gneissic  rock,  with  which,  it  is  said,  some  thin  homblendic  layers  were  inter- 
bedded.    The  water,  which  is  encountered  in  fissures  at  a  number  of  different  depths, 
liaes  nearly  to  the  surface.     It  has  a  distinct  saline  taste,  similar  to  that  of  the  Borden 
lithia  Spring.    An  analysis  is  given  in  the  table  on  page  88.    This  water,  which  is  sup- 
plied at  the  rate  of  several  gallons  a  minute  without  reference  to  season,  is  sold  somewhat 
extensively  as  a  mineral  water. 

An  interesting  point  in  connection  with  the  occurrence  of  this  saline  water  is  that  the 
Sulpho-Magnesia  well,  which  was  drilled  to  a  depth  of  750  feet  only  a  short  distance  from  " 
the  Artesian  lithia  well,  obtained  only  fresh  water,  although,  so  far  as  could  be  deter- 
nuned,  the  same  succession  of  rocks  was  penetrated. 

MEDLOCK   WELL. 

This  well  is  located  near  the  left  bank  of  Sweetwater  Creek,  five-eighths  of  a  mile  north- 
west of  Austell  station  and  a  few  hundred  yards  southwest  of  the  Sulpho-Magnesia  well. 
It  is  6  inches  in  diameter,  65  feet  deep,  and  yields  a  supply  of  several  gallons  a  minute 
from  a  fissure  near  the  bottom  of  the  well,  the  water  rising  to  within  a  few  feet  of  the 
surface.  Ehccept  5  feet  of  surface  alluvium,  the  well  is  in  a  fine-grained  gneiss.  The  com- 
positioa  of  this  water,  which  is  highly  saline,  is  shown  in  detail  in  the  table  on  page  88. 

J.  H.   LOUCH   WELL. 

Iliis  well,  which  was  drilled  in  1903,  is  located  a  few  hundred  feet  from  the  Medlock  well. 
It  is  6  inches  in  diameter,  80  feet  deep,  and  furnishes  1 ,500  gallons  of  water  per  day  of 
twenty-four  hours,  the  water  rising  to  within  5  feet  of  the  surface.  The  rock,  as  in  the 
Medlock  well,  is  a  fine-grained  gneiss.  The  water,  which  is  very  similar  to  the  preceding, 
^  put  on  the  market  in  considerable  amounts.    The  analysis  is  given  in  the  table  on  page  88. 

OTHER   WELLS. 

In  addition  to  the  saline  wells  already  described  and  the  Sulpho-Magnesia  nonsaline  well, 
t^  are  four  deep  wells  within  the  corporate  limits  of  Austell.  Two  of  those,  near  the 
'*>lfoad  station,  are  133  and  150  feet  deep,  respectively.  Of  the  two  others  one  is  located 
*t  the  Lithia  Springs  Hotel,  and  is  5i  inches  in  diameter  and  150  feet  deep.  The  other  is 
t^  Bnink  well,  near  Spring  street,  one-half  mile  south  of  the  station.  It  is  6  inches  in 
<Iuuneter  and  110  feet  deep. 

"Hie  water  in  all  four  wells  is  low  in  mineral  matter,  soft,  and  free  from  salt,  and  is  well 
wited  for  domestic  or  boiler  purposes.  So  far  as  can  be  determined  it  comes  from  crevices 
sunilar  to  those  from  which  the  saline  waters  are  obtained  and  from  the  same  kind  of  rock. 
^  locations  are  not  such  as  to  suggest  any  difference  in  geologic  conditions. 

COMPOSITION  OF  THE  WATERS. 

ANALYSES. 

The  composition  of  the  waters  is  best  sho^n  by  chemical  analyses,  a  number  of  which 
"**<fe  by  Doctor  Everhart,  are  given  in  the  table  below.  Tht*  analyses  in  the  first  four 
columns  are  of  the  saline  mineral  waters,  while  that  in  the  fifth  column  is  of  the  nearly 
Dwmal  water  from  the  Sulpho-Magnesia  well,  which  is  given  for  purposes  of  comparison. 
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Analyses  ofweU  and  spring  waters^  AusUUf  Cfa, 
[Tartii  per  million.] 


Ionic  atatemerU. 

Iron  (Fe) 

Aluminum  ( Al) 

Manganese  (Mn) 

Calcium  (Ca) 

Magnesium  (Mg) 

Barium  ( Ba) 

Lithium  (Li) 

Sodium  ( N a) 

Potassium  (K) 

Silica  (SiOi) 

Carbonate  Ion  (CDs) 

Free  carbon  dioxide  (COf) 

Sulphate  Ion  (SOi) 

Phosphate  Ion  ( ro«) 

Chlorine  (CI) 

B roml nc  (Br) 

Arsenic  (AS) 

Iron  oxide  and  alumina  (FetOi+AliOa) . 


AnaiyaVa  combinations. 


Manganese  oxldo  (MnO) 

Iron  carbonate  (FoCOi) 

Aluminum  sulphate  (Ala(SOi)a) 
Manganese  carbonate  (MnCOi) . . 

Calcium  carbonate  (CaCOi) 

Calcium  sulphate  (CaSOO 

Magnesium  carbonate  (MgCOs).. 
Magneshmi  sulphate  (MgSO*)  . . 

Barium  sulphate  ( BaSO*) 

J^ithlum  chloride  ( LlCIi) 

Sodium  carbonate  (NasCOa) 

Sodium  sulphate  ( Na^Oi) 

Sodium  phosphate  (NaiHPO*) .. 

Sodium  arsenlto  (NaAsOt) 

Sodium  chloride  ( NaCl) 

Sodium  brorai<lc  (NaBr) 

Potassium  sulphate  ( K1SO4) 

Potassium  chloride  (KCI) 

Potassium  bromide  (KBr) 


Total  solids. 


Saline  waters. 


Bowden 
Lithia 
Spring. 


1  O) 

L33 

.20 

IIG  8 

9.2 

.18 

5  6 

702  3 

20  3 

32  6 

80  3 

70  9 

181.4 

27 

.101  6 

20.7 

.10 


Artesian 
Lithia 
well. 


0  21 


120  8 
12  9 
.14 
170 


MedJock 
well. 


Trace. 
473.8 
.')3.8 


14.5 


050.9    I  2.790.6 


5.3  I 

24.3  I 

113.6  I 

80.0  I 

178.1  I 

.54  I 

1,032.0  I 


64.3 
26.2 


700.8 

.15 

4,760.3 


Louch 
well. 


!  Nonsaline 
I    waters. 

Sulpho- 
Magneitft 
I      well. 


0.45 

•*• 

Tiaoe.  ' 

194.5 

26.9 

.22 

8.8 

1,995.1 

63.9 

11.6 

35.0 

70.1 

58L2 

Trace. 

3,134.2 

2.8 


Trace. 


I 


18.4 


I 


4  4 

10  0 
50 
150  f) 

18;m> 


.90  I 
3.0    I 


189.3 
l.'>3.2 


45  9 
30 
34.0    , 


ft4.2 


Trace. 

40.7 

787.4 

2ti7. 6 


47.0 


41  9 


L22 
L36 


67a  8 

133.3 
.38 
24.6 


.30 

.80 

.40 

78.5.0 


211     I 
.80, 


.20I 
I 


Traoe. 


4.0 


7093.8    I    5070.9 

I 


.30 
30.8 


122.8 


I      119.5 
I  4.2 


a  61 

.66 

Trsce. 

2S.0 

3.6 

Trw* 

2.5 

ILl 

43 

18.0 

51.5 

82.7 

3.6 

.47 

7.7 


Trace. 


Twee- 
16 
5.5 


62.5 
12.6 


7.2 
24.S 


Z.7 
Trac5P- 


2,28<i  G       2.151».2    l  9,a'>S.0    16.096.0    |  13L4 


Edgar  Everhart,  Geological  Survey  of  Georgia,  analyst. 

CX)MPARISON    WITH    NORMAL   WATERS. 

A  comparison  of  the  analyses  of  the  mineral  waters  near  Austell  with  the  normal  watera 
of  the  region  brings  out  some  interesting  features.  Although  the  total  solids  in  the  min- 
eral waters  are  from  16  to  70  times  as  great  as  in  the  normal  water,  the  iron  constituent  ii 
practically  the  same  and  in  one  case  even  less  than  in  the  ordinary  water.  The  C4ddum,oo 
the  other  hand,  varies  from  4  to  20  times,  the  magnesia  from  3  to  15  times,  the  sodium  from 
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'  to  250  times,  and  the  potaarium  from  about  the  same  to  15  times  as  much  as  in  the  noi^ 
al  water.  The  silica,  though  varying  from  less  than  the  amount  in  the  unmineralized 
&ter  to  twice  this  amount,  is  essentially  normal. 

Not  only  does  the  absolute  amount  of  the  mineral  ingredients  vary  greatly,  but  the  pro- 
>rtion  of  the  principal  mineral  substances  also  varies  considerably,  as  shown  in  the  fol- 
wing  summary  of  the  relative  percentages  of  chlorine,  sodium,  magnesium,  calcium,  and 
Jtassium — five  of  the  more  important  constituents  of  the  waters. 

Summary  of  percentage  composition 


•4dcium  (Ca) 

Cagnesium  (Mg) 

tedium  (Na) 

*oU«luin  (K).. 
Silorine  (Q) 


Average  of 
four  Aus- 
tell miner- 
al waters. 


5.2 
.6 

35.4 
.9 

67.9 


100.0 


Sea 
water. 


1.2 
3.5 

28.2 
1.0 

66.1 


100.0 


Normal 
Austell 
water. 


48.6 
6.9 

21.4 
8.2 

14.9 


100.0 


In  no  instance  does  the  amount  of  an  ingredient  in  the  Austell  mineral  waters  occur  in 
mything  like  the  same  proportion  as  in  the  normal  water.  The  disagreement  in  the  prin- 
•ipal  constituents — chlorine,  sodium,  and  calcium — is  especially  marked,  being  as  57.9: 
4.9,35.4:21.4,  and  5.2:48.6,  respectively. 

GEOLOGIC  CONDITIONS. 


LOCATION. 

The  Austell  springs  and  wells ^re  situated  about  20  miles  northwest  of  Atlanta,  and  are 
berefore  located  within  the  limits  of  the  Piedmont  Plateau.  The  distance  from  Austell 
o  the  Iwrders  of  the  Coastal  Plain  area  to  the  southwest  is  about  90  miles,  while  the  meta- 
morphosed sedimentary  Ocoee  beds  lie  at  a  distance  of  about  10  miles  to  the  northwest. 
Hie  nearest  point  at  which  the  later  Paleozoic  rocks  occur  is  over  20  miles  to  the  north- 
west. 

The  rocks  in  the  vicinity  of  the  spring  and  in  the  adjacent  region  in  general  are  prevail- 
^y  of  the  gneissic  type  so  common  in  the  Piedmont  area  of  this  part  of  Georgia,  although 
■ome  more  basic  rocks  occur  as  interbedded  bands  in  the  near  vicinity.  No  unaltered  sedi7 
^i>^tftry  rocks  occur  nearer  than  the  later  Paleozoic  border,  20  miles  to  the  northwest. 

CIIARACrER   OP   ROCKS. 

The  rock  from  which  the  water  issues  is  a  light-gray  granite  with  a  well-marked  gncis- 
"oid  structure,  which  strikes  with  considerable  unifonnity  in  a  north-south  direction  and 
^  inclined  at  an  angle  of  about  45°  to  the  oast.  The  granite  appears  to  be  interrupted  by 
■^nds  of  a  dark  hornblende  schist,  a  belt  of  which  outcrops  a  short  distance  east  of  the 
^^h  and  springs.  The  same  or  a  similar  rock  was  aLso  encountered  in  the  deeper  wells. 
A  microscopic  examination  of  the  granite  by  Albert  Johannsen  showed  it  to  coasist  essen- 
My  of  quartz,  microcline  feldspar  with  a  little  albite  and  biotite-mica.  The  accessary 
minerals  are  titanite,  apatite,  and  a  little  zircon.  The  composition  was  normal,  no  min- 
wals  being  recognized  which  could  have  furnished  the  chlorine  that  is  so  abundant  in  the 
waters  of  the  welV*  and  springs. 

The  dark  schist  when  examined  under  the  microscope  was  found  to  consist-  mainly  of 
borablende,  with  quartz,  augite,  and  a  lie  tie  plagioclasc  feldspar.  As  in  the  case  of  the 
^miite,  Dotbing  was  recognized  which  could  have  afforded  the  chlorine  of  the  mineral 
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'  Owing  to  tho  mantlo  of  decompoAed  n>ck  constituting  the  surface  throughout  the  Pied- 
mont belt,  joints  are  not  ho  noticeable  as  in  many  regions.  They  are,  however,  to  be  seen 
in  greater  or  less  abundance  in  practically  all  the  quarries  throughout  the  belt.  There  IR 
several  different  series  which  in  a  given  district  are  generally  faiHy  constant  in  directiin. 
Tlio  l)est  developed  joints,  according  to  T.  L.  Watson,  have  nearly  due  east^west  or  north- 
south  directioa<«,  although  in  many  instances  the  major  series  trend  northwest  and  south- 
east. 

SOURCES  OF  MINERALIZATION. 

SrRFACK  ROCKS. 

With  the  exception  of  the  apatite  in  the  gneissoid  granite  no  mineral  capable  of  yieUiog 
chlorine  is  pres<»nt  in  the  surfac4^  rtK*ks  of  the  rt»gion,  and  even  the  apatite  is  present  ooh 
in  exceedingly  small  amounts  -no  more  than  in  all  of  the  granites  of  the  region — and ii 
not  sufficient  to  account  for  the  wide  variatitm  of  the  Aust-ell  waters  from  the  nonnal 
The  same  is  tnio  of  the  hornblende  schist,  making  it  clear  that  the  source  of  rainenlitt' 
tion  lies  outside  the  nx'ks  from  which  the  springs  issue  and  from  which  the  wells  dnv 
their  supplies. 

DEEP-SEATED  ROCKS. 

The  derivation  of  the  mineral  matter  from  the  surface  rock  by  meteoric  waten  being 
apparently  niled  out  because  of  the  al>sence  of  minerals  capable  of  furnishing  to  the  water 
tho  dissolve<i  substances,  espt'cially  the  chlorine,  a  deeper-seated  origin  suggests  itself.  To 
furnish  clilorine  in  the  amounts  ol)served  contact  of  tho  meteoric  waters  with  some  rock 
rich  in  sodalite  or  apatite  must  be  pastulated.  This  might  be  a  sodalite-syenite  or  other 
syenite  rich  in  sodalite,  or  a  granite  or  similar  rock  high  in  apatite,  and  might  be  assomed 
to  mvur  as  a  granitic  or  pegmatite  intnision  reaching  within  the  limit  of  circulating  waterB, 
but  failing  to  reach  the  sui-fucc.  An  analysis  made  by  N.  Sahlbom  of  a  pyroxene-apatitO' 
syenite  from  Finland  showed  14  [)er  cent  of  apatite,«  whi^h  if  it  was  a  chloro-apatite 
would  be  cciuivalent  to  0.0  j>er  cent  of  chlorine.  In  the  sodalito-syenites  the  chlorine  may 
nm  even  higlicr,  one  sample  of  such  rock  from  Oreenland  analyzed  by  N.  V.  Ussing  show- 
ing 2.25  per  cent  chlorine. '>  Bc»aring  in  mind  that  the  chloride  minerals  are  in  genenl 
much  more  soluble  than  the  silicate  minerals,  (me  easily  .sees  that  rocks  of  the  character 
indicated  might  well  be  tho  source  of  saline  waters.  No  such  rocks,  however,  have  been 
reported  in  the  part  of  Ge^)rgia  und<T  ccmsideration,  and  if  they  occur  they  must  be  deep 
below  the  surface. 

MAGMATIC    WATERS. 

It  may  be  conceived  that  instead  of  forming  a  part  of  the  circulating  system  of  meteoric 
waters  and  deriving  its  mineral  matter  from  some  deep-seated  rock  with  which  it  came  into 
contact,  the  mineral  water  may  represent  what  is  known  as  magmatic  wat-er,  or  that 
excluded  on  cooling  froni  some  molten  nwk  such  as  may  have  Iwen  intruded  at  some  point 
l)elow  the  surface  near  Austell.  What  has  l)een  said  in  regard  to  tho  absence  of  evidence 
as  to  the  existence  of  chlorim^bcaring  rocks  applies  with  equal  force  to  intrusions  capable 
of  furnishing  the  magmatic  waters.  There  is  little  evidence  of  disturbance  of  any  kind  in 
this  region,  either  dynamic  or  igneous,  in  late  geologic  time,  and  if  the  wator  is  of  mag- 
matic origin  it  probably  represents  an  intrusicm  of  cx)nsiderable  age. 

IMPRISONED   8EA    WATERS. 

As  the  general  character  of  the  Austell  mineral  water  was  suggestive  of  a  sea  water,  figures 
.showing  the  relative  composition  of  the  latter  have  been  inserted  in  the  summary.  The 
resemblance  of  the  two  is  very  marked  in  the  case  of  nearly  every  constituent. 


aWashlogtou,  H.  8.,  Cbomical  analysea  of  igneous  rooks:  Prof.  Paper  U.  S.  Ocol.  Survey  No.  14. 
1903,  p.  313. 
frOp.  cit..p.  303. 
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1  the  case  of  silica,  however  (not  included  in  the  summary),  a  difference  is  noted.  The 
est  amount  in  the  Austell  waters  is  11.6  and  the  highest  32.6  parts  per  million.  In  sea 
»r,  however,  ordinarily  only  from  2  to  5  parts  per  million  are  present.  The  difference^ 
fever,  is  probably  not  so  great  as  would  appear,  as  in  the  process  of  analyses  the  sea 
ter  was  filtered  before  determination  of  the  silica,  while  the  spring  waters  were  proba- 
rnot  filtered.  Unfiltered  sea  water  often  gives  results  quite  as  high  as  that  of  the  Austell 
rings. 

SDlflfARY. 

Four  possible  explanations  of  the  source  of  mineralization  of  the  abnormal  waters  of 
e  Austell  springs  have  been  suggested  These  are:  (1)  That  the  mineral  matter  has 
en  derived  from  the  superficial  country  rock;  (2)  that  it  has  come  from  deep-seated 
dilite  or  apatite-bearing  rocks;  (3)  that  it  represents  water  excluded  from  an  igneous 
igma,  and  (4)  that  the  water  is  in  the  main  an  imprisoned  sea  water  conducted  by  joints 
id  faults,  etc.,  from  the  area  of  sedimentary  rocks  to  the  northwest. 
The  difficulty  to  be  met  by  the  first  supposition  is  that  the  granite  and  schist  in  the 
cinity  of  the  springs  and  wells  are  normal  and  incapable  of  furnishing  the  observed  chlo- 
le.  Ebccept  near  the  north-south  line,  along  which  the  welb  and  springs  described  are 
cated,  none  of  the  waters  from  the  granite  are  saline. 

The  second  and  third  views  seem  more  probable,  but  the  rarity  of  rocks  high  in  sodalite 
'  apatite,  and  the  improbabihty  that  buried  masses  of  such  rocks  or  recent  intrusions 
xur  at  the  particular  point  under  discussion,  since  they  are  not  known  elsewhere  in  the 
!gion,  throw  doubt  on  these  explanations. 

"Hic  origin  from  imprisoned  sea  water  is  favored  by  the  percentage  composition  of  the 
uneral  waters,  which  is  almost  identical  with  ,that  of  sea  water.  The  few  minor  points  of 
ifference  are  readily  explained  by  the  admixture  of  the  normal  fresh  waters  of  the  rock. 
V  presence  of  such  waters  in  close  proximity  to  the  fissures  bearing  the  salt  water  is 
bown  by  the  breaking  m  of  fresh  waters  when  blasting  out  the  basin  of  the  original  spring, 
Dd  by  the  fresh  waters  encountered  by  the  four  nonsaline  wells  described.  The  slightly 
igh  caknum  in  the  mineral  waters  as  compared  with  sea  water  could  be  produced  by  a 
^  slight  admixture  of  the  normal  waters  of  the  locality. 

The  difficulty  under  the  last  hypothesis  of  origin  lies  in  the  absence  of  any  source  for 
le  water.  The  crystalhne  rocks  have  not,  as  far  as  known,  been  covered  by  the  sea  since 
•icfaean  time.  The  dist^ince  of  the  springs  from  sedimentary  rocks,  the  metamorphism 
f  the  latter  at  the  pomts  nearest  the  springs,  the  rarity  of  saline  waters  even  within  the 
rea  of  the  sedimentary  rocks,  and  our  present  lack  of  knowledge  of  any  connection  by 
Kilting  or  jointing  with  these  rocks  are  further  difficulties  in  the  way  of  the  acceptance  of 
ich  an  origin.  At  the  same  time  the  lateral  transition  of  water  through  joints  or  similar 
usages  for  long  distances  is  not  unknown.  The  writer  has  called  attention  to  such  a 
ue  on  Fishers  Island,  New  York,a  the  distance  in  that  instance  being  at  least  6  or  7  miles. 
While  the  waters  of  the  sedimentary  area  are  in  general  not  saline,  such  watei-s  have 
MD  noted  in  the  region.  A  well  in  Chickamauga  Park,  the  waters  of  which  were  analyzed 
f  Dr.  Edgar  Everhart,  of  the  Geological  Survey  of  Georgia,  showed  a  total  of  nearly 
I)jOOO  parts  of  sodium  chloride,  or  several  times  the  amount  in  the  Austell  waters. 

CONCLUSION. 

It  is  the  opinion  of  the  writer  that  of  the  four  sources  of  mineralization  enumerated  the 
Bt  may  be  omitted  from  consideration.  Of  the  remainder  the  probabilities  of  the  second 
i»d  third  are  primarily  about  equal  and  either  may  well  be  the  true  explanation.  Owing, 
wrever,  to  the  close  agreement  m  percentage  composition  between  the  Austell  mineral 
ad  ordinary  sea  water,  the  hypothesis  of  imprisoned  sea  water  conducted  from  the  sedi- 
entaiy  are*  by  joints  or  faults  to  the  point  of  emergence  is  not  considered  entirely  impos- 
Ue,  notwithstanding  the  senous  difficulties  in  the  way  of  such  transmission. 

•  Geology  of  Fishers  Island:  Bull.  Geol.  Soc.  America,  vol.  16, 1905,  p.  372. 
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PROBLEMS  OF  WATER  CONTAMINATION. 


By  Isaiah  Bowman. 


INTRODUCTION. 

There  exists  at  the  present  time  a  considerable  body  of  legal  decisioiis  relating  to 
disposition  or  the  pollution  of  underground  waters.  These  decisions  are  the  outgrawtl 
controversies  between  well  owners,  and  are  based  on  real  or  supposed  facts  conoemiiig 
nature  and  movement  of  subterranean  waters.  In  recent  years  our  knowledge  of  the  p 
tion  of  water  movement  to  rock  structure  and  other  factors  has  been  greatly  extended,  i 
it  is  not  surprising,  therefore,  that  the  decisions  which  would  be  affected  by  new  acquisiti 
of  knowledge  should  be  inadequate  when  applied  to  cases  at  present  under  considerati 
To  secure  justice  in  an  action  in  tort  decisions  should  be  rendered  not  in  accordance  i 
precedent,  but  in  accordance  with  the  principles  of  justice  sought  to  be  establbhed  in  ] 
ceding  cases,  the  present  better  knowledge  of  the  facts  being  taken  into  account. 

This  condition  Is  illustrated  in  several  sections  of  the  country  to-day,  and  it  b  desired  I 
to  present  such  cases  in  the  hope  that  they  may  lead  to  worthy  results  both  in  the  consti 
tion  and  care  of  wells  of  every  variety  and  in  the  revision  or  promulgation  of  stati 
intended  to  cover  adequately  the  principles  involved. 

OIL  AND  GAS  WELLS. 

In  the  oil  and  gas  regions  of  Pennsylvania,  Indiana,  Kansas,  Texas,  and  other  States  c 
siderablo  damage  has  bc^n  done  by  improperly  allowing  water  to  enter  oil  and  gas  sand 
the  exclusion  of  the  oil  and  gas.  The  results  have  been  so  grievous  that  laws  have  b 
enacted  in  nearly  every  State  where  these  substances  are  prospected  looking  toward  tl 
protection.  By  properly  plugging  abandoned  holes  wherever  such  water  is  known  to  en 
the  driller  has  discharged  his  duties  according  to  law  by  preventing  contamination. 

WATER  WELLS. 

decay  of  casinos. 

In  the  case  of  water  wells,  which,  as  a  class,  arc  of  much  wider  distribution  than  eithei 
or  gas  wells,  the  same  care  is  not  exercised,  though  the  results  are  sometimes  as  pernicioui 
in  the  preceding  cases,  if  not  of  as  groat  economic  importance.  In  many  States,  as,  for  ezi 
pic,  in  Michigan,  Wiscoasin,  and  Washington,  it  has  l)eon  made  unlawful  for  a  well  ownei 
allow  water  from  an  artesian  well  to  e,sca[)e  in  needless  amounts  through  the  opening  in 
pi[K»  at  the  surface.  Often,  however,  it  can  Iw  shown  that  even  where  such  precautions 
taken  large  amounts  of  water  are  being  lost  continually  through  defective  casing. 

When  iron  piping  Is  put  into  the  ground  in  the  form  of  a  sewer,  it  Is  not  expected  to  1 
A^  more  than  ten  or  fifteen  years  at  the  longest,  but  if  it  is  put  into  the  earth  in  the  fom 

well  casing  there  is  usually  no  consideration  of  itsS  longevity.  It  is  tacitly  assumed  to 
forever,  while  ol)servations  on  casing  withdrawn  after  having  been  in  the  earth  both  A 
and  long  ptTiods  show  conclusively  that  it  suffers  deterioration  and  decay,  and  should 
examined  at  short  inter\'als  for  resulting  defects. 

No  rule  can  be  laid  down  as  to  the  rate  of  decay,  which  will  depend  entirely  on  the  ooi 
tions  in  individual  cases.  Casing  withdrawn  from  wells  fifteen  to  twenty  years  old  has  b 
found  to  bi^  in  reasonably  good  condition  except  at  the  joints,  though  the  usual  experieiK 
that  casing  of  this  age  is  too  badly  decomposed  to  be  withdrawn  at  all,  except  in  aectft 
and  oven  this  is  not  always  possible.  On  the  other  hand,  if  the  waters  which  come  into  < 
tact  with  the  casing  are  heavily  charged  with  minerals,  their  reaction  on  the  pipe  usu 
results  in  more  rapid  decay.  At  Dallas,  Tex.,  the  writer  observed  holes  the  size  of  a  oeo 
casing  withdrawn  after  b"   '  *^  the  earth  but  one  year.    The  Strong  mineral  wa 
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in  oDe  of  the  formations  of  that  State,  the  Glen  Rose,  had  so  damaged  the  casing  that  it  was 
little  better  than  a  sieve. 

CONDITIONS  OF  CONTAMINATION. 

Some  general  considerations  at  this  time  will  make  clearer  the  cases  discussed  in  a  later 
paragraph  and  may  also  throw  light  on  future  difficulties  in  problems  of  water  supply  or 
contamination. 

Let  us  assume  a  condition  which  is  so  frequent  throughout  the  country  as  to  need  no  spe- 
cific illustration — that  of  deep  waters  under  much  greater  head  than  those  lying  nearer  the 
(surface,  and  further  assume  the  no  less  common  condition  of  defective  casing — and  we  arrive 
at  the  result  that  large  quantities  of  water  must  be  lost  before  rcai'hing  the  surface.  Again. 
i  let  us  assume  that  the  deeper  water  has  been  found  to  he  unsatisfactory  for  domestic  pur- 
poses because  of  dissolved  minerals  and  that,  while  it  rises  in  the  well  hole  with  artesian 
effect,  it  does  not  flow  at  the  surface.  If  the  well  is  now  abandoned,  the  decay  of  the  casing 
will  ID  time  allow  this  water  access  to  higher  water-bearing  strata,  and  its  entrance  will  mark 
the  beginning  of  pollution  of  the  upper  waters.  Before  the  condition  is  remedied,  at  the 
average  speed  with  which  municipal  authorities  move  in  matters  of  this  sort,  enough  of  the 
mineral  substances  will  have  entered  and  been  deposited  in  the  upper  strata  to  make  their 
ledemption  by  natural  filtration  long  and  difficult. 

PREVENTION  OF  CONTAMINATION. 

Plugging. — The  primary  cause  of  the  trouble  must  be  dealt  with,  the  polluting  waters 
being  shut  out  by  plugging  the  bore  hole  above  the  point  where  such  waters  enter.  This 
i^done  by  driving  down  a  wooden  plug,  which  expands  under  the  action  of  water  and  fits  the 
well  wall  snugly.  Earth  is  then  thrown  over  the  plug,  which  compacts,  and  by  the  time  the 
plug  has  decayed  is  itself  a  preventive  of  further  trouble.  Various  modifications  may  be 
introduced  into  specific  cases  which  will  complicate  the  problem,  but  a  remedy  can  undoubt- 
wlly  be  found  in  each  case. 

Ute  of  packers. — Where  a  hole  is  drilled  in  firm  rock,  throughout  its  entire  length  water 
niajand  often  is  derived  from  several  strata — let  us  suppose  three.  If  one  of  the  sources 
proves  unpalatable,  it  is  necessary  to  separate  the  different  waters  and  determine  the  source 
<rf  the  undesirable  water.  This  may  be  done  by  temporarily  shutting  off  two  of  the  sources, 
hereby  testing  each  one  separately.  If  it  is  desired  to  test  the  lowest  source,  an  expanding 
Itollow  rubber  plug  or  packer  is  inserted  above  it,  with  a  pipe  connecting  the  top  of  the  packer 
and  the  well  head.  Clutches,  working  automatically,  keep  the  lower  part  of  the  packer  in 
position,  while  the  weight  of  the  attached  pipe  presses  down  the  upper  part  of  the  packer. 
By  thb  means  the  middle  part  of  the  packer  is  forced  to  expand  and  to  fit  the  walls  of  the 
Well  tightly.  The  lowest  water  is  then  drawn  from  the  well  through  the  attached  pipe,  being 
hy  the  above  means  entirely  separated  from  the  waters  above.  By  the  proper  adjustment  of 
pipes,  packers,  and  plugs  each  of  the  waters  can  be  separated  and  examined  in  turn. 

The  remedy  applied  to  a  particular  case  will,  of  course,  depend  on  the  nature  of  the  above 
(^terminations.  If  the  lowest  water  is  found  to  be  the  source  of  trouble,  it  may  be  plugged 
(iffr  as  already  explained.  Should  the  uppermost  water  be  unpalatable,  it  may  be  shut  off 
hy  applying  a  rubber  packer  below  the  undesirable  water-bearing  stratum  and  drawing 
**ter  for  use  from  the  pipe  connecting  with  the  lower  waters.  In  some  cases  it  may  be  pos- 
sible to  keep  a  water  of  inferior  quality  in  the  rock  by  natural  means.  For  instance,  in  drill- 
'Qgfor  an  additional  supply  the  driller  may  come  to  a  sand  in  which  the  water  is  of  lower 
^  than  the  upper  waters  through  which  he  has  passed.  In  this  event  he  may  allow  natu- 
^infiltratioD  from  the  upper  waters  into  the  undesirable  bed  to  take  place.  Unless  the 
veil  is  pumped  too  vigorously  this  will  serve  as  a  remedy,  but  the  total  yield  of  sweet  water 
could  in  this  case  be  utilized  only  by  plugging  the  lowermost  water. 

NEED  OF   CAREFl'L    IN VESTUJATIONS, 

The  only  way  by  whkh  municipal  interests  could  be  protected  under  any  o(  iVve  a\>o\t  o-ovi- 
^itioiii  would  be  bj  making  a  thorough  examination  of  the  well  hole  and  au  exig\or 
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the  amount  and  quality  of  each  water  contributing  to  the  yield  of  the  well.  This  would  be 
very  greatly  facilitated  by  having  at  hand  a  log  of  the  well — that  is,  a  record  of  the  charactfr 
and  extent  of  each  of  the  formations  through  which  the  bore  hole  had  been  drilled.  Thb 
has  l^een  rt^cognized  by  one  State  at  lea^t.  South  Dakota  requires  this  in  the  following 
statute: 

It  Is  hereby  made  the  duty  of  the  township  board  to  embody  in  the  contract  for  the  sinking  of  sdd 
publio  artesian  wells  a  proviso  that  the  person  sinking  said  wells  shall  make  a  record  of  the  depth  of  nrb 
well  and  the  formations  entered  or  passed  through  in  the  construction  of  the  same,  and  such  provision  is 
hereby  made  an  ositence  of  the  contract,  and  a  violation  thereof  shall  l>e  construed  to  be  a  violation  of  tiie 
contract.     (Laws,  1891.  chap.  80.  sec.  35.) 

It  is  interesting  to  note  that  this  same  State  also  requires  that  every  person  sinking  an 
artesian  well  shall  provide  for  such  well  a  proper  casing,  in  order  to  prevent  the  well  from 
caving  in,  and  to  prevent  the  escape  of  the  water  when  it  is  desirable  that  such  water  be  con- 
fined. It  is  not  clear,  however,  under  the  terms  of  the  law,  precisely  what  is  meant  byi 
proper  casing,  inasmuch  as  through  the  decay  of  the  casing  it  may  fulfill  its  function  of  con- 
fining strata  or  water  for  several  months  only,  while  again  it  may  last  for  years. 

It  is  not  possible  at  this  time  to  take  up  in  greater  detail  the  means  by  which  tlio  borehole 
in  various  conditions  may  be  explored.  It  is  suflTicient  here  to  state  that  such  exploration 
can  in  every  case  be  accomplished  along  scientific  lines,  and  that  more  and  more  this  is  acto- 
ally  being  done. 

To  further  suggest  a  way  in  which  these  ideas  may  be  applied  in  a  practical  way  to  specific 
cases,  let  us  take  the  instance  of  the  partial  failure  of  a  given  water  supply  as  expressed  br* 
loss  of  head.  Heretofore  this  has  generally  been  assumed  to  indicate  that  the  limit  of  avail- 
able waters  had  been  passed  and  that  in  some  way  means  should  be  adopted  looking  toward 
the  maintenance  of  head.  May  it  not  be  that  in  such  cases  the  loss  of  head  is  partly  or  even 
entirely  due  to  defective  casing,  which  allows  the  water  from  lower  sources  to  escape 
through  the  pipe  and  enter  porous  nonwater-lwaring  strata  at  a  higher  level,  or  to  enter 
water-l)earing  strata  the  water  of  which  Is  standing  at  a  lower  head?  Several  cases  have 
come  to  the  writer's  notice  in  which  the  conditions  were  almost  identical  with  the  assumed 
case  above,  and  it  can  not  be  too  strongly  emphasized  here  that  some  such  result  as  theooe 
above  outlined  nmst  follow. 

SPECIAL   PROBLEMS   OF   CONTAMINATION. 

Two. specific  illustrations  of  some  of  the  above-mentioned  conditions  have  been  supplied^ 
to  the  writer  by  Mr.  J.  E.  Bacon  and  are  a  result  of  experiments  conducted  by  him  looking 
toward  the  improvement  of  the  water  supply  in  the  cities  of  Saginaw,  Mich.,  and  Dalltft 
Tex.  Mr.  Bacon's  kind  assistance  in  gathering  these  data  and  putting  them  at  the  disposal 
of  the  writer  is  hereby  gratefully  acknowledged. 

ComUt'ums  at  Sapinaw,  Mich. — At  Saginaw,  Mich.,  there  are  a  large  number  of  salt  welbj 
many  of  wliirli  have  Ix^en  abandoned  for  one  cause  or  another.  In  the  abandoned  weU* 
the  bore  holo  allows  salt  or  brackish  water  to  reach  the  surface  under  the  influence  of  the 
natural  head  of  the  water,  together  with  convection  currents  and  difTusion.  Apart  of  tb* 
city  supply  had.  previous  to  1902,  Ik^ou  drawn  from  a  docp-wcll  system  consisting  of  about 
2(3  bored  wells  having  an  internal  diameter  of  4  inches  and  a  depth  ranging  from  89  to 230 
feet.  Most  of  these  wells  are  in  the  bed  rock  and  draw  their  supply  from  souroes  wbicb 
have  been  contaminated  by  the  infiltration  of  brine  from  the  salt  wells.  Up  to  the  tin* 
that  y.r.  Bncon  Ijegan  his  investigations  almost  no  attention  had  been  paid  at  SagiiuiwtO 
the  prolcriion  of  surface  water  from  contamination  of  this  kind.  The  seriousness  of  tbff 
situation  may  lx>  appreciated  from  the  fact  that  possible  sources  of  ground-water  supplf 
at  Saginaw  arc  limited  to  the  loose  sands  and  gravels  which  overlie  the  rock  hnd  the  top 
of  the  rock  itself.  Manifc-^tly  the  only  way  in  which  this  water  can  be  conserved  iniO 
original  purity  is  by  plugging  abandoned  salt  wells  at  a  suitable  distance  below  thesurbf* 
and  exercising  great  care  in  maintaining  the  casing  in  others  intact.    The  coodition  hi* 
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\j  remedied  by  the  above  means  and  water  obtained  for  municipal  purposes  from 
1  sands  and  gravels  overlying  the  sandstone. 

TfW  al  DaUaSj  Tex, — ^The  second  case  is  the  one  illustrated  by  conditions  at  Dallas, 
re  Mr.  Bacon  is  at  the  present  time  (January,  1906)  investigating  the  source  and 
otable  water  for  city  use.  Water  is  yielded  by  four  formations — the  Woodbine, 
y,  the  Glen  Rose,  and  the  Trinity — named  in  the  order  of  their  occurrence  down- 
liile  these  are  locally  separated,  the  Glen  Rose  is  really  a  part  of  the  Trinity 

The  lower  Trinity  sands  have  never  been  explored  in  the  Dallas  region,  and  their 
rater  producers  is  therefore  unknown,  but  both  the  Paluxy  and  Woodbine  forma- 
lin sweet  water.  Most  of  the  city  wells  derive  water  at  the  present  time  from 
bine,  and  it  is  the  inadequacy  of  the  supply  from  these  sands  which  has  led  to  the 
ivestigations. 

mliar  conditions  which  are  to  be  recognized  here  are  those  arising  from  the  fact 
>f  the  city  wells  penetrates  the  Glen  Rose  formation,  and  the  water  supplied  from 
is  is  under  a  greater  head  than  that  from  the  overlying  Paluxy.  Moreover,  the 
3  water  is  strongly  mineral.  Its  exact  composition  has  not  been  determined  for 
ty,  but  west  of  Austin  the  upper  Glen  Rose  beds  yield  water  containing  strontium, 
n,  and  sodium.     Many  residents  of  Dallas  use  the  water  for  its  real  or  supposed 

value. 

neral  water  attacks  the  well  casing  so  strongly  that  casing  which  had  been  in. the 
me  year  exhibited  breaks  and  checks  in  great  number,  and  several  of  these  were 
the  size  of  a  cent.  The  threads  at  the  joints  were  completely  decayed  and 
ibie,  so  that  when  an  attempt  was  made  to  pull  the  casing  each  length  was  lifted 
t  had  no  connection  with  the  next  lower  length.  Its  value,  therefore,  as  a  tight 
s  practically  zero.  Add  to  the  conditions  outlined  the  fact  that  the  Glen  Rose 
nder  greater  head  than  the  Paluxy  and  it  is  seen  that  gradually  the  Paluxy  sands 
»me  impregnated  with  the  mineral  substances  in  the  Glen  Rose  water.  While  the 
sed  for  medicinal  purposes  by  a  number  of  the  citizens  of  Dallas,  it  is  unpalatable 
ig  water,  and  attempts  to  use  it  as  such  have  proved  unsuccessful.  Its  tempera- 
^  and  the  contained  salts  give  it  a  most  unpleasant  taste. 

rting  a  packer  with  casing  to  the  surface  between  the  Glen  Rose  and  Paluxy  sands 
raters  were  separated,  the  mineral  water  with  high  temperature  coming  up  inside 
,nd  the  Paluxy  coming  up  between  the  pipe  so  inserted  and  the  well  casing.  Dif- 
1  head  and  quality  and  temperature  of  water  were  at  once  noticeable,  although  the 
aters  were  to  some  extent  mineralized.    The  mineral  content,  however,  steadily 

as  the  experiment  was  continued. 

RECOMMENDATIONS. 

WO  examples  with  the  general  discussion  preceding  are  sufficient  to  show  the  vital 
of  the  problems  which  they  involve,  and  ought  to  lead  to  the  following  definite 

iccurate  log  should  be  kept  of  every  well  drilled. 

ry  water-bearing  formation  should  l)e  carefully  examined  as  to  its  thickness  and 
:y  of  the  watei  yielded. 

head  of  each  separate  water  should  be  accurately  determined  and  its  relation 
id  with  respect  to  other  waters  encountered. 

casing  should  be  intact  when  the  well  is  completed  and  should  be  kept  so,  its  con- 
ng  determined  from  time  to  time  by  suitable  experiments. 

lange  in  the  head  or  quality  of  the  water  should  be  interpreted  only  after  the 
ffects  of  defective  casing  are  taken  into  account. 

hose  States  in  which  the  geologic  conditions  are  known  to  favor  contamination 
he  operation  of  one  or  the  other  of  the  causes  noted  herein,  laws  should  be  framed 
le  examination  of  the  well  casing  and  the  determination  of  the  exact  relations  of 
vater-bearing  strata  the  duty  of  each  well  owner  or  well  driller. 
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By  Myron  L.  Fuller. 


INTRODUCTION. 

Instances  in  which  well  waters  which  were  pure  at  the  time  of  drilling  have  later  become 
mineralized  and  unlit  for  use  arc  not  uncommon,  but  cAses  in  which  waters  originally  higji 
in  mineral  matter  have  later  become  fresh  and  pure  are  so  seldom  reported  that  they  excito 
considerable  comment. 

Such  an  improvement  in  the  qliality  of  the  water,  however,  is  perfectly  natural  and  istote 
e.xpected  under  certain  definite  conditions  which  are  somewhat  widespread.  The  water  in 
soaking  downward  through  the  ground  dissolves  a  certain  amount  of  mineral  matter  froo 
the  materials  with  which  it  comes  into  contact.  The  longer  the  water  remains  in  the  grottod 
the  more  mineralized  it  tends  to  become.  Where  underground  circulation  b  active  the 
water  which  has  been  in  contact  wnth  the  soluble  materials  of  the  rock  is  constantly  being 
replaced  by  pure  waters  from  the  surface,  and  in  su<*h  instance's  the  ground  waters  iW 
relatively  low  in  dissolved  solids.  Where  the  circulation  is  slow,  on  the  other  hand,  the 
water  remains  in  contact  with  the  surrounding  mineral  grains  for  long  periods  of  time  vd 
often  becomes  highly  mineralized.  Such  waters  are  especially  likely  to  be  found  in  beds 
which,  while  porous  at  the  surface,  pinch  out  or  l)ecome  impervious  in  their  lower  portions, 
thus  tending  to  limit  or  prevent  the  free  downward  circulation  of  the  water.  Sometimes 
only  a  slight  circulation  is  needed  to  improve  the  water,  esp<>c:ally  where  it  is  in  materiils 
containing  only  small  amounts  of  soluble  matter.  In  such  instances  a  single  small  well  mftj 
sometimes  effect  a  change  in  the  composition  of  the  water.  A  number  of  such  iostanoei 
were  brought  to  light  by  work  conducted  under  the  direction  of  the  writer  near  Wilmington, 
N.  C,  in  1905,  and  are  described  in  the  following  paragraphs  of  this  paper.  For  thefacti 
regarding  the  wells  the  writer  is  indebted  to  Mr.  L.  W.  Stephenson. 

DESCRIPTION  OF  WELLS. 

The  wells  hero  described  may  be  taken  as  types  of  their  class.  They  are  located  on  thn 
Atlantic  coast  at  a  point  nearly  due  east  of  Wilmington,  N.  C,  10  miles  or  more  from  tha 
city.  One  of  them  is  on  the  mainland,  near  the  shore  of  Greenville  Sound,  another  on 
the  Hamino<'ks,  just  inside  of  the  barrier  separating  the  sound  from  the  ocean,  while  thn 
other  two  arc  on  the  barrier  beach  itself.  j 

TARRYMORE   lUrTEL   WELL.  ] 

The  well  of  the  Tarrymore  Hotel,  which  is  situated  on  the  barrier  near  the  inlet  oppotita 
the  mouth  of  Wrightsville  Creek,  was  drilled  in  1905  by  •!•  D.  Lowry.  It  is  4J  inches  in 
diameter  ut  the  top  and  3^  inches  at  the  bottom  and  has  a  depth  of  195  feet.  It  pused 
through  alternating  b<*ds  of  sand  and  thin  layers  of  rock  varying  from  soft  to  hard.  Water 
was  associated  with  the  ro<'k  at  65  feet  and  at  the  botton  of  the  well,  the  principal  horisoQ 
being  at  the  latter  point.  The  water  rises  to  within  4  feet  of  the  surface,  or  about  5  fest 
above  the  level  of  the  sea,  the  height  varying  somewhat  with  the  tide.  The  well  yields  25 
gallons  a  minute  when  pumped.  j 

When  the  well  was  drilled  the  water  possessi^d  a  noticeable  salty  tast^,  but  after  it  hi4  1 
been  in  use  for  some  time  the  salt  became  less  noticeable  and  eventally  the  water  becUM  ^ 
entire  I  v  fresh.  j 
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LUMINA    PARK    WELL. 

rfae  Lumina  Park  well  is  located  on  the  barrier  a  short  distance  south  of  the  well  just 
icribed.  It  was  likewise  drilled  by  J.  D.  Lowry  in  1905,  and  is  3  inches  in  diameter  and 
i  feet  deep.  The  elevation  is  somewhat  lower  than  that  of  the  Tariymore  well,  and  the 
U  flows  at  high  tide,  although  at  low  tide  the  water  does  not  quite  reach  the  surface, 
irenty-five  gallons  a  minute  are  obtained  by  pumping.  This  well  passes  through  about 
e  same  succession  of  materials  as  the  hotel  well  and  obtains  water  from  similar  sand  rocks. 
When  drilled  this  well  also  yielded  water  which  was  decidedly  salty,  but  on  continued 
iethe  salt  tast«  gradually  disappeared  until  at  the  present  time  the  amount  of  chlorine  is 
^  much  higher  than  in  the  ordinary  fresh-water  wells  of  the  region. 

HAMMOCKS    WELL. 

The  Hammocks  well,  owned  by  the  Consolidated  Railway,  Light,  and  Power  Company 
f  Wilmington,  was  drilled  several  years  ago  to  a  depth  of  259  feet.  The  diameter  is  8 
Jches  a^  the  top  and  6  inches  at  the  bottom.  At  98  feet  a  cavity  was  encountered  in  hard 
bell  rock  and  yielded  a  large  supply  of  salty  water.  This  was  more  or  less  effectively  cased 
ff  and  the  well  continued.  Later  a  supply  of  fresh  water  began  to  appear  through  the 
tiger  casing  surrounding  the  smaller  one,  but  it  is  said  that  no  water  was  encountered  in 
ic  6-inch  portion  of  the  well.  The  water  may  come  from  the  cavity  or  along  the  lower 
ising  from  some  lower  horizon.  The  data  were  given  from  memory,  and  the  cavity  may 
I  reality  have  been  struck  at  a  depth  considerably  greater  than  was  reported,  in  which 
ise  it  may  possibly  be  correlated  with  the  horizon  in  the  Tariymore  Hotel  and  Lumina 
ark  wells.  At  any  rate  fresh  water  is  now  obtained  from  some  horizon  which  at  the 
me  of  drilling  yielded  salt  wat^r  or  none  at  all. 

QUARANTINE   STATION    WELL. 

The  well  at  the  quarantine  station  is  built  on  piles  about  half  a  mile  from  shore,  near  the 
outh  of  Cape  Fear  River.  It  was  drilled  some  years  ago  by  Mr.  De  Witt,  of  Washington, 
.  C,  and  has  a  diameter  of  about  3  inches  and  a  depth  of  400  feet.  Its  elevation  is  several 
rt  above  high  tide.  The  water  level  fluctuates  with  changes  of  tide,  the  water  generally 
anding  about  2  feet  above  tide  level.  It  is  pumped  by  steam  at  the  rate  of  4,500  gallons 
1  hour. 

When  the  pump  is  started  after  standing  idle  for  some  time,  salt  water,  similar  to  that 
i  the  wells  previously  described,  is  obtained,  but  after  a  few  minuter  the  salt  rapidly 
^creases  in  amount  and  in  less  than  twenty  minutes  it  can  no  longer  be  detected  by  the 
late. 

CHANGE  IN  COMPOSITION. 

NATURE   OF   CHANGE. 

lo  the  preceding  paragraphs  two  instances  of  permanent  change  in  the  composition  of 
tbe  water  from  salt  to  fresh,  under  normal  conditions  of  pumping  or  flow,  are  described. 
^W  changes  were  exhibited  by  the  Tarrymore  Hotel  and  Lumina  Park  wells.  No  analyses 
^  the  original  waters  from  these  wells  were  made,  but  in  their  saline  content  they  wore 
imilar  to  the  water  yielded  by  the  well  at  the  quarantine  station  before  pumping,  a  partial 
mtlysis  of  which  is  given  herewith. 

Field  analysis  of  water  from  quarantine  station  wtU  before  pumping. 

[L.  W.  Stephenson,  analyst,  1905.] 

Parts  p%»r 
million. 

Mi(F^) 1.5 

Wiim(Ca) 550 

rbonate  radicle  (CO«) 195 

pl»t«  nwlicte  (SOO b22 

orioeca) >i,^\ 
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The  type  of  water  yielded  after  the  wells  have  been  pumped  or  have  flowed  for  boom 
time  is  illustrated  by  the  analysis  of  water  from  the  C.  W.  Worth  well.  This  well,  whidi 
is  located  near  the  shore  of  Greenville  Sound,  just  south  of  the  mouth  of  Wrightsville  Oerk 
and  about  opposite  the  Tarrymore  Hotel  and  Lumina  Park  wells,  was  drilled  in  1904.  It 
is  3  inches  in  diameter  and  152  feet  deep  and  obtained  water  from  a  bluish  sandstone 
about  150  feet  from  the  surface.  The  well  is  8  or  9  feet  above  sea  level  and  flows  at  the 
rate  of  10  gallons  a  minut«  at  a  height  of  about  6  feet  above  the  surface,  the  level  varying 
somewhat  with  the  tide.  Like  the  other  wells  in  the  vicinity  it  was  probably  salty  at  the 
start.     A  partial  analysis  of  the  water  now  obtained  is  as  follows: 

Field  analysis  of  water  from  C.  W .  Worth  well. 

[L.  W.  Stephenson,  analyst,  1905.] 

Ptrtf 

minkw. 

I  ron  ( Fc^ 1 

Calcium  (Ch) 29 

Carbonate  radicle  (COi^ • . .      :* 

Sulphate  radicle  (SO^) None. 

Chlorine  (CI) » 

The  analysis  of  the  water  from  the  quarantine-station  well  before  pumping  may  probably 
be  taken  as  typical  of  the  salty  waters  obtained  from  the  wells  in  this  region  when  drilled, 
while  that  of  the  water  from  the  Worth  well  represents  the  maximum  purity  likely  to  be 
attained  in  these  wells.  Between  the  two  there  will  be  all  gradations,  one  of  which  is  repn- 
scnted  by  a  second  analysis  of  water  from  the  quarantine-station  well,  made  on  a  sam|de 
taken  after  pumping  twenty  minutes  at  the  rate  of  4,500  gallons  an  hour.    This  is  as  follows:  * 

Field  analysis  of  water  from  quarantine-station  well  after  pumping, 

[L.  W.  Stephenson,  analyst,  1905.] 

Parts 

million. 

Iron  (Fo) 1 

Calcium  (Ca) 201 

Carbonate  ra<licle  (CO|) 13 

Sulphate  radicle  (SO«i M 

Chlorine  (CI) 2M 

The  decrease  of  mineral  matter  in  the  water  of  the  quarantine-station  well  is  gradual,  and 
the  water  is  unquestionably  even  lower  in  chlorine  after  pumping  for  thirty  minutes  than 
after  twenty  minutes. 

It  will  be  noted  that  the  relative  &s  well  as  the  absolute  amounts  of  the  mineral  ingredi- 
ents of  the  fresh  waters  are  entirely  diirerent  from  those  of  the  saline  waters.  From  over 
8,000  partvS  per  million  at  the  start  the  amount  of  chlorine,  for  instance,  may  fall  to  less  than 
100,  while  the  sulphates  may  decrease  from  600  to  nothing.  At  the  same  time  the  carbon- 
ates may  actually  increa:^,  notwithstanding  less  than  a  tenth  of  the  original  total  solids  ii 
present. 

CAUSE   OF   CHANGE. 

The  change  of  the  water  from  salt  to  fresh  is  believed  to  be  due  to  the  drawing  in  of  fraah 
supplies  from  the  surface  after  the  exhaustion  of  the  mineralized  waters  by  pumping  or  by 
their  natural  removal  through  flowing  welLs.  Whether  the  salinity  was  due  to  originally 
included  sea  water,  to  salt  dissolved  from  the  sediments,  or  to  a  penetration  of  sea  water  now 
going  on  can  not  be  absolutely  determined.  The  high  percentage  of  calcium  preMnt* 
amounting  to  over  500  parts  per  million,  indicates  that  sea  water  was  not  the  only  source  of 
the  salinity,  since  such  water  rarely  carries  over  5  parts  per  million. 

The  ease  with  which  the  salt  water  was  removed  and  the  composition  of  the  water  itaeK 
suggest  that  the  derivation  of  the  salinity  from  contemporaneous  leakage  of  salt  water  k 
very  improbable.    Some  of  the  salts  may  come  from  imprisoned  sea  water,  but  the 
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character  of  the  waters  indicates  that  solution  of  matter  from  the  deposits  in  which  they 
occur  or  from  beds  with  which,  they  have  been  in  contact  Is  the  predominating  factor  in 
determining  their  composition. 

It  is  evident  that  the  wells,  although  striking  the  water  bed  below  the  limit  reached  by  the 
active  circulation  of  the  surface  waters,  were  not  beyond  the  limit  of  feeble  circulation,  for 
otherwise  the  mineral  content  of  the  water  would  have  been  much  higher  and  more  nearly 
that  of  the  deep  wells  at  Wilmington,  in  which  the  salinity  approaches  if  it  does  not  exceed 
that  of  ordinary  sea  waters. 

APPLICATION  OF  PRINCIPLE. 

The  principle  that  originally  inclosed  sea  or  other  highly  mineralized  waters  may  be 
removed  by  flowing  or  pumped  wells  is  one  which  may  prove  to  be  of  broad  application  to 
waters  in  the  Coastal  Plain  and  similar  regions  elsewhere.  It  means  that  a  well  should  not 
necessarily  be  regarded  as  a  failure  if  only  salt  water  is  obtained  at  the  start.  Instead  of 
abandoning  and  plugging  such  a  well  it  should  be  allowed  to  flow  as  freely  as  possible.  No 
harm  to  underground  supplies  will  in  such  instances  be  brought  about  by  allowing  free  flow, 
while,  on  the  other  hand,  as  shown  by  the  wells  described,  fresh  water  may  be  drawn  into  the 
water-bearing  bed  as  the  salt  water  is  removed  and  a  valuable  well  eventually  secured. 
After  the  water  has  become  fresh  the  flow  or  pumping,  as  the  case  may  be,  should  be  regu- 
lated and  only  enough  water  to  meet  actual  needs  taken.  Otherwise  the  drain  on  the  ground 
water  may  become  so  severe  that  the  supply  will  be  exhausted,  as  has  often  been  the  case. 
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QUALITY  OF  WATER  IN  THE  UPPER  OHIO  RIVER  BASIN 

AND  AT  ERIE,  PA. 


By  Samuel  Jame8  Lewis. 


INTRODUCTION. 

This  paper  discusses  the  quality  of  water  on  the  most  important  tributaries  of  Ohio  River 
in  Pennsylvania,  New  York,  West  Virginia,  and  Maryland,  and '  the  nature  of  the  water 
supply  at  Erie,  Pa.  The  amount  and  character  of  the  pollution  is  described  and  the  results 
of  drinking  contaminated  water  as  shown  by  typhoid  statistics  are  indicated.  The  condi- 
tions on  the  tributaries  of  Ohio  River  in  Ohio  are  discussed  in  Water-Supply  and  Irrigation 
Paper  No.  79,  United  States  Geological  Survey,  pages  129-187. 

The  water  supplies  and  sewerage  of  small  towns  high  up  toward  the  head  of  a  largo  drain- 
age system  do  not  in  many  cases  receive  the  attention  they  should.  Epidemics  of  a  water- 
borne  disease  which  affect  large  municipalities  near  the  mouth  of  the  river  and  therefore 
attract  attention  must  necessarily  have  their  origin  in  the  pollution  of  the  watershed  above. 
It  Ls  evident,  therefore,  that  adequate  sanitation  of  the  small  towns  and  a  water  supply  as 
carefully  guarded  as  that  of  a  large  city  would  prevent  disease  at  its  very  source  and  be  far 
less  expensive  than  the  costly  battles  which  are  waged  against  epidemics  in  huge  centers  of 
population  after  disease  has  broken  out. 

Typhoid  fever  statistics  for  small  towns  in  this  section  are  seldom  availai)le  and  are  more 
or  leas  unreliable  at  best.  The  few  figures  given  show  the  existence  of  vinilent  typhoid  fever 
in  most  towns  of  the  drainage  areas  in  certain  years,  and  as  thesis  towns  drain  into  the 
streams  the  liability  ofthe  water  to  infection  is  evident. 

The  significance  of  typhoid  fever  death  rates  will  be  better  understood  from  the  statistics 
presented  below,  which  have  been  collated  from  a  number  of  cities  having  excellent  water 
supplies. 

Typhoid  statistics  of  cities  with  gowl  water  supplies. 


City  and  ypar. 


6oston,.Ma«8. : 

1900 

1901 

1902 

1903 

1904 

Brockton.  Mass. : 

1900 

1901 

1902 

19a3 

1904 


ovula- 
tion. 

Total 
deaths. 

Typhoid 
deaths. 

Total 

death 

rate  per 

1,000. 

Typhoid 
death 
rate  per 
lOO.OOO. 

560,  «K2 

11,678 

143 

20.82 

2.').  6 

573,579 

11,300 

142 

19. 70 

24.8 

5R4,5.').3 

10,983 

139 

18.79 

23.8 

600,1»29 

10,f>32 

119 

17.69 

19.8 

014,522 

10,757 

135 

17.54 

22.0 

40,0f)3 

5,'i3 

18 

1.3.80 

45.0 

41,606 

523 

6 

10.17 

14.4 

43,208 

475 

6 

10.99 

13.9 

44,S73 

495 

5 

11. a3 

11.1 

46,601 

567 

« 

12.17 

17.1 
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Typhoid  statistics  of  cities  with  good  water  supplies — Continued. 


City  and  year. 


Cambridge,  Masti.: 

1900 

1901 

1902 

1903 

1904 

Fall  River,  Mass. : 

1900 

1901 

1902 

1903 

1904 

JerseyClty,  N.  J.: 

1902 

1903 

Lawrence,  Mas8. : 

1900 

1901 

1902 

1903 

1904 

Ncwarlc,  N.  J.: 

1902 

19a3 

New  York  City.: 

lUOO 

1901 

\\HY2 

You  leers,  N.  Y.: 

1900 

]{¥)] 

l\HY2 


Pooula- 

Total 

tion. 

deatha. 

91,886 

1,547 

94,084 

1,574 

96,334 

1,454 

98,639 

1,501 

100,998 

1,444 

104,863 

2,206 

108,311 

2.143 

111,872 

2,223 

11.5,549 

2,290 

119,349 

2,047 

Typhoid  1 
deaths,  i 

Total    iTtpl 

death       aS 

rate  per    nU 

1,000     i  100, 

215, 
219, 

62, 
64, 
67, 
69, 
72, 

258, 
265, 

2.  aw, 

•J.Oiia. 
2.  i;w 


,921  I 

,462  I 

I 

,550  I 

,874  I 

,275  I 

,766  I 

,348  I 

,176  I 

rm  j 

,979 


4,026 
4,130 

1,250 
1,118 
1,163 
1,204 
1,141 

4,831 
4.901 

43,227 
4:<,304 
41,704 

SIO 

S42  I 
Nm   I 


15  1 
10 
17 
14 


16.83 
16.73 
15.00 
15.32 
14.30 

21.04 
19.78 
19.87 
19.82 
17.15 


44 

1&64 

36 

18.82 

11 

19.98 

12 

17.23 

11 

17.20 

23 

17.26 

11 

15.77 

50 

18.71  , 

61 

18.43  ' 

372 

i 

21.04 

412 

20.66 

309 

19.49, 

2 

16.80 

8 
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OHIO  RIVER  BASIN   ABOVE  PITTSBURG,  PA. 


AI.LKCiUKNV   H1VEI{    liVSlN. 


DESCRIPTION    OF    HASIN. 

Allegheny  Kivor  drains  a  quick-spillinj^  area.  The  stream  carries  so  much  ail 
other  debris  a*<  the  result  of  the  rapid  run-ofF  that  it  is  j]j<Mu«rally  muddy.  This,  tog 
with  the  sewage  which  it  receives  from  numerous  mmiicipalities,  makes  it  a  poors 
of  <lomestic  water  supply.  The  towns  at  the  headwaters  have  not  generally  used 
water  for  public  supply,  but  lower  dowii,  where  polhition  is  greater,  the  unpurified 
is  supplied  at  many  places.  Springs  are  numerous  and  are  much  us<>d,  sometime.H  sl 
ing  towns  a-s  large  as  Bradford,  which  has  17,000  inhabitants.  They  fail,  however,  i 
st»asons.  Population  is  sparse,  there  l)eing  but  11  towns  having  ovei  '> .000  people, 
shows  the  lo<*ationand  approximate  population  of  nearly  all  the  towns  within  the  dn 
area. 

The  investigations  prosecuted  by  the  city  of  Pittsburg  looking  toward  filtration  oi 
gheny  River  water  showed  conclusively  that  the  nature  of  the  watershed  permits 
little  or  no  opportunity  for  self-purification  by  the  processes  which  are  usually  m« 


ALLEOHEinr   BIVEK   BASIN. 
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leas  effective  in  rivers.  Furthermore,  ''such  is  the  peculiar  character  of  the  river,  such 
the  character  of  the  watershed,  that  infection  introduced  at  much  more  remote  points 
than  Oil  City  may  be  actively  dangerous  to  the  health  of  Pittsburg."  a  It  this  be  the 
ease,  what  is  to  prevent  infection  of  towns  higher  up  on  the  river  by  the  sewage  and  drain- 
age of  others  at  less -distance  above  them  than  Oil  City  is  from  Pittsburg?  It  can  not  be 
urged  as  a  palliative  of  conditions  on  Allegheny  River  that  most  of  the  towns  are  not 
sewered,  for,  owing  to  the  nature  of  the  topography,  very  heavy  rain  will  drain  contamina- 
tioD  from  every  town  on  the  watershed  into  the  river.  It  has  long  been  established  that 
the  mcrease  in  turbidity  in  such  a  stream  has  a  direct  relation  to  the  increase  in  the  quan- 


Fio.  1. — Map  of  AUegbeny  River  basin,  showing  approximate  iK)piilation  of  towns. 

%  of  bacteria.  The  work  of  Mr.  Copeland,  of  the  Pittsburg  filtration  com  mission,  i> 
■wws  conclusively  that  bacteria  abound  in  the  turbid  waters  of  tlie  Allegheny  and  that 
'"Oie  bacteria  which  can  come  only  from  extensive  sewage  pollution  are  generally  present. 
"Jere  are  always  a  number  of  cases  of  typhoid  fever  within  the  drainage  area  of  the  Alle- 
Swoy,  and  the  topography  of  the  country  i.s  such  that  sewage  or  drainage  containing 
^JT^hoid  bacteria  may  be  delivered  to  any  point  down  the  river  within  one  or  two  days*, 
it  tt  obvious  that  infection  anywhere  on  the  watershed  may  readily  reach  any  point  below. 


•  Sedgwick,  W.  T.,  Report  Filtration  Commission,  Pittsburg,  p.  19. 
» Ibid.,  p.  348. 
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AU.EOHENT  RIVER  BASIN  ABOVE  CONBWANOO  CREEK. 


Port  AUe/fanyy  Pa.  (population,  1,000). — Has  a  gravity  supply  from  three  small  im- 
pounding reservoirs  (capacity  about  3,000,000  gallons)  fed  by  Skinners  Run  and  its  triba 
taries.  Tlie  daily  consumption  is  about  100,000  gallons.  This  is  a  naturally  safe  suitee 
supply,  as  the  drainage  area  is  all  uninhabited  forest  land.  In  time,  safety  will  reqoR 
regular  policing  of  the  area.    The  town  is  not  sewered. 

There  have  be«n  few  borings  for  ground  water.  The  best  is  the  75- foot  well  at  the  Siit- 
well  House.  The  wat«r  from  this  well  is  much  harder  than  that  from  the  public  supply, 
which  contains  almost  no  mineral  impurities  and  would  be  excellent  for  any  industml 
purpose.  Field  assays  of  watiT  from  Port  Allegany  arc  given  below.  Typhoid-fe»tf 
figures  for  Port  Allegany  are  not  sufficiently  full  to  be  worth  quoting,  as  they  merely 
(establish  the  presence  of  typhoid  fever  in  1897,  1898,  and  1899. 

Sinethpori  and  Eldred,  Pa. — Gravity  supplies  an^  in  use  at  Smethport  (on  Potato  Creek) 
and  at  Eldred  (population  of  each,  1,000).  Neither  has  a  sewerage  system.  Typhoid- 
fever  statistics  are  not  available  for  Smethport,  and  those  for  Eldred  are  so  meager  thit 
they  art^  of  little  value. 

Typhoid  Tnortality  at  Eldred,  Pa. 


Year. 


Total 
deaths. 


1807. 


Typhoid  |  Typhoid  i 
cases.    •  deaths.    | 


I 


FieU  asuay/i  of  \Lxiier  from  Port  Allegany,  Eldred,  and  Smethport,  Pa, 
r  Part.s  i>or  million.] 


Port  Allopany. 


Rldred. 


Dotcriniiiution. 


'      riihlii- 
I     supply. 


Tiirl»i«lity 

Color 

Iron  [  F«>) 

('Hloiuni  (I'ji) 

Total  Imnlnrss  (as  CarO.i)  . 

Alkalinity 

Sulphati's  (.<()s) 

Chlorid««s  fCl) 


0 

Tract'. 

20 

I'J 

{) 


T.Vfoot  well  1 

at  Sartweil 

House. 


Public 
supply. 


Smethport- 


Public 
supply- 


(«) 


3:. 

130+  I 
84 


{^) 


. 

0 

17 

152 

(») 

Trace 

28 

0 

51 

10 

44 

13 

0 

5.6 

4. 

oVory  slight  trace. 


^  Slight  trace. 


Tlic  Eldrt'd  water  is  somewhat  hunlcr  than  most  of  the  spring  waters  of  this  section.  I  ^ 
would  Ik*  excellent  for  any  purpose,  the  incnisting  .solids  Ikmuj^  practically  all  carbonate  oi 
lime,  which  is  not  pres4>nt  in  quantity  sufficient  to  cause  trouble  in  a  lx)iler.  The  supplied 
from  Kldrc'd  and  Smeth]K)rt  would  Ih^  well  adapted  to  industric^s  re(]uiring  especially  pure 
water,  like  pap(»r  making.  The  high  color  of  Smethport  water  |K>int.s  either  to  a  marshy 
drainage  or  to  a  foul  condition  of  the  reservoir. 

Oltan,  A'.  1'. — At  one  time  the  w&Utr  supply  of  Olean  was  pumped  directly  from  the  river^ 
whi<*h  receives  typhoid-fever  infectitm  from  the  soun-es  mentioned  alwve.  The  supply  since 
1S89  hiLs  been  obtainexl  from  driven  wells,  but  connection  has  been  made  with  the  river 
for  emergency.  In  1896  and  1897  the  wells  were  increased  from  a  very  few  to  fiO,  making 
the  u.se  of  river  -vater  uimecessar^'  until  very  recently.  The  population  of  Olean,  according 
to  the  Twelfth  Census,  is  9,402. 
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Tifphoid  mortality  at  OUaUy  N.  Y, 


ToUl 
deaths. 

a°i^ 

162 

2 

154 

1 

162 

7 

79 

4 

120 

4 

Year. 


Total 
deaths. 


1807. 
1898. 
1000. 
1901. 
1902. 


99 
82 
130 
110 
117 


it  that  even  high  up  on  the  headwaters,  where  no  large  towns  pour  their  sewage 
am,  the  raw  water  is  unhealthy  for  drinking.  The  improvement  in  condition 
LTgement  of  the  ground-water  system  is  noteworthy.  The  town  is  sewered,  and 
om  the  large  tanneries  located  there  discharge  directly  into  the  stream.  It  is  at 
it  the  first  extensive  pollution  enters  Allegheny  River. 

^a, — An  unusually  large  spring  furnishes  water  for  Bradford  (population,  17,000), 
vant  Creek.  The  plant  was  purchased  by  the  city  from  the  constructing  corn- 
ears  ago.  In  1904  the  debt  was  completely  paid,  in  spite  of  a  40  per  cent  reduo- 
'ater  rate  in  1904  and  a  28  per  cent  reduction  in  1901.  Three  masonry  reser- 
capacity  of  59,000,000  gallons,  impound  the  waters  of  a  number  of  small  spring- 
The  drainage  area  of  these  streams  is  large;  over  12,000  acres  immediately 
^he  streams  are  now  owned  by  the  city,  which  maintains  a  strict  patrol  of  this 
y  be  considered  reasonably  certain  that  no  immediate  pollution  of  the  Bradford 
'  is  likely.  The  daily  consumption  is  now  about  1 ,800,000  gallons,  or  96  gallons 
The  use  of  meters  is  increasing  steadily,  and  the  management  appears  to  be 
bere  is  also  an  auxiliary  system  of  artesian  wells  averaging  175  feet  in  depth,  for 
>f  drought,  from  which  the  supply  seems  practically  inexhaustible.  The  town 
itary  and  storm  sewers,  draining  into  a  little  stream  which  ultimately  finds  its 
Allegheny.  It  is  clear  that  disease  germs  may  be  discharged  into  the  Allegheny 
rd. 

Typhoid  mortality  at  Bradford^  Pa^ 


ToUl 
deaths. 

Typhoid 
cases. 

7^S^\ 

Total 
deaths. 

Typhoid  1  Typhoid 
cases.    1  deaths. 

1 

.  J. .  

II 

5      1899 

163 
172 
149 

3                 3 

157 

h 
4  1,  1900 

15 

4  ii  1901 

20                  5 

1 

|| 

1 

Iford,  in  spite  of  the  excellent  character  of  its  supply,  may  ocx^asionaliy  have  an 
disease  that  will  greatly  increase  the  infection  in  its  sewage  is  shown  by  the  fig- 
I.  The  public  supply  is  a  very  pure  and  soft  water;  the  high  color  shown  in  the 
14)  is  probably  due  to  the  nature  of  a  portion  of  the  drainage  area. 
t.  A''.  1^. — Salamanca,  (population,  5,000)  derives  a  very  excellent  gravity  sup- 
ings  and  has  connections  with  the  river  for  pumping  in  periods  of  drought.  The 
ctically  free  from  typhoid  fever,  the  annual  saving  probably  representing  much 
te  rate  of  interest  on  the  plant,  besides  tlie  saving  in  lives. 

Typhoid  mortality  at  Salamanca,  N.  Y. 


ear. 

Total 
deaths. 

55 




Typhoid  I 
deaths.  ' 


Year. 


Total 
deaths. 


Typhoid 
deaths. 


,1 
2   i  1897. 

0      1H98. 

0    I  1900. 

0  1001. 

1  I  1«.»2., 


i 
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Where  the  annual  deaths  for  a  period  of  years  are  so  few,  it  seems  likely,  in  the  absraoeo 
spocilic  information  to  the  contrary,  that  the  occasional  mortality  from  typhoid  fever  is  do 
to  other  than  water-borne  infection. 

Mount  Jewettf  Pa. — At  Mount  Jewett  (population,  1,000),  on  the  headwaters  of  Kins 
Creek,  the  public  supply  is  piped  from  springs  to  two  large  tanks.  There  is  no  sewerage  vj 
tem.  The  only  available  figures  showing  typhoid-fever  mortality  for  the  village  are  tho 
for  1902,  when  there  were  two  deaths  from  typhoid  fever.  In  the  absence  of  definite  knew 
edge  as  to  the  source  of  infection  in  these  cases,  no  conclusion  can  be  drawn  as  to  the  cht 
acter  of  the  water  supply.  There  is  no  doubt,  however,  of  the  nature  of  Mount  Jewet 
contribution  to  tho  Allegheny  drainage.  The  field  assay  below  shows  that  the  public  sii 
ply  is  very  similar  to  that  of  Bradford,  pure  and  soft,  and  suitable  for  any  industrial  or  boi 
purposes. 

Kantf  Pa. — Kane  (population  5,000)  has  a  sewerage  system  dischaiging  into  a  small  brao 
of  Kinzua  Creek,  which  empties  into  the  Allegheny  just  above  Warren.  This  run  • 
receives  drainage  from  Clarendon,  a  village  of  about  1 ,500  population,  which  has  nopuh 
water  supply,  and  is  said  to  have  many  cades  of  typhoid  fever.  Tlie  water  supply  of  Ki 
is  similar  to  that  of  Bradford.  U  is  derived  from  a  number  of  springs  along  Kinzua  Cra 
and  is  collected  in  two  re^wrvoirs  on  that  stream  and  pumped  to  a  standpipe,  elevated  o^ 
300  feet  alx)ve  the  intake,  supplying  about  a  half  million  gallons  a  day.  There  are  fc 
wells,  averaging  100  feet  in  depth,  at  the  waterworks,  used  in  case  of  shortage.  Theent 
watershed  is  protected  under  an  agreement  with  the  landowners  along  the  stream  quite 
to  its  source,  whereby  no  sources  of  pollution — such  as  cattle  pens,  privies,  and  slaught 
houses — and  no  dwellings  are  permitt«d  witliin  200  feet  of  the  stream.  It  is  belieii 
that  the  watershed  is  being  kept  reasonably  clean.  No  figures  showing  typhoid  mortil 
are  available  for  Kane. 

For  use  in  lx)ilers,  Kinzua  Creek  water  is  stored  in  a  large  reservoir,  making  an  auxilii 
supply  entircK  separate  from  the  public  supply.  This  creek  water  is  never  used  fordrii 
ing  purposes.    The  field  assays  below  show  pure  spring  waters: 

Fidd  assays  ofpurdic  uxiUi  suppL'tes  at  Bradford ^  Mount  Jeweti^  and  Kane,  Pa. 
[  PartH  pt»r  million.] 


Detonni  nation. 


Turbidity 

Color 

Iron  (Fc) 

Calcium(ra) 

Total  hardness  (as  CaCf^j) . 

Alkalinity 

Sulpha to«  (SOa) 

Chlorides  (CI)  


Br«ltoni.      «-;«;     K. 


0 

0 

61 

22 

(o) 

Trace. 

0 

0 

13 

13 

12 

12 

0 

0 

6.2 

4.9 

n  Very  slight  trace. 
tX)NEWANfi<)  CREEK. 


Jamesfovm,  N.  Y. — (?onewango  Creek,  whicti  enters  Allegheny  River  at  Warren,  ca/ries 
sewage  of  Jamestown,  N.  Y.  (population  25,000),  where  there  are  numerous  industrial  en 
prises,  all  of  which  pour  their  wastes  into  the  creek.  In  the  most  densely  populated  disti 
of  the  city  the  buildings  are  directly  on  and  overhang  the  stream,  so  that  dejecta  from  typi 
patient^s  in  these  buildings  enter  the  creek  directly  and  are  carried  down  Allegheny  Ri 
That  there  is  some  pollution  of  this  kind  at  Jamestown  is  shown  by  the  typhoid  mortf 
figures  herewith 
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Typhoid  vwritdiiy  at  JamMtovmy  N.  Y, 


Year. 

ToUl 
deaths. 

Typhoid 
deaths. 

Year. 

Total 
deaths. 

^dSff 

MM....                      

240 
290 
305 
306 
224 

10 
10 
10 

7I 
3 

1897 

267 
260 
280 
296 
2S0 

1 

lan 

1898 

5 

im 

1900 

9 

MM.... 

1901.                

6 

vm 

1902 

1 

ALLEOITENT   RIVER  FROM  CONBWANOO  CREEK  TO  OIL  CREEK. 

Wantn,  Pa. — ^The  public  supply  of  Warren  (population  10,000)  was  formerly  derived 
entirely  from  Morrison  Run,  a  small  spring  run  about  4  miles  from  the  city.  In  recent 
years  drilled  wells  have  been  added  to  this  source.  During  about  eight  months  of  the  year 
(October  to  June)  a  gravity  supply  is  furnished  from  a  3,500,000-gallon  earth  reservoir,  sit- 
uted  on  the  run  about  4  miles  from  the  city.  The  average  daily  consumption  is  about 
MOO^ gallons.  The  dam  is  of  rubble  masonry,  26  feet  6  inches  high;  the  bottom  of 
the  reservoir  is  of  clean  sand.  The  watershed  is  uninhabited,  being  almost  vii^n  land. 
There  is  one  farmhouse  at  the  lower  edge  of  the  drainage  area,  which  has  been  sewered  out 
helowthe  reservoir  at  the  expense  of  the  water  company.  Although  there  is  no  regular 
Patrol,  it  would  seem,  from  an  inspection  of  the  drainage  area,  that  little  danger  of  pollu- 
tion exists.  Five  drilled  wells,  5S  to  66  feet  deep,  about  40  feet  from  low-water  mark  of 
AQegheny  River,  are  pumped  during  the  summer.  The  close  proximity  of  the  wells  to  the 
shore  has  caused  considerable  local  anxiety  as  to  the  possibiUty  of  the  river  water  seeping 
into  the  wells,  as  the  town  sewers  into  the  river  above  and  below.  There  is  reason  to  sup- 
pose that  no  such  seepage  occurs.  Analyses  show  that  the  waters  from  wells  and  river 
we  radically  different. 

Field  assays  cf  toeU  and  river  vxUer  at  Warren^  Pa, 
[Parts  per  million.] 


Determination. 


Public  sup- 
ply, wells 
58  to  66 
feet  deep. 


StaU^ 

Hospital 

well,  66 

feet  deep. 


Allegheny 
River. 


Tarbldlty 

Color 

Ifon  (Fe) 

^um  (Ca) 

^<>tal  hardness  (as  CaCOs) . 

Alkalinity 

Hhates  (SOs) 

brides  (CD 


(«•) 


105 


(^) 


0 
5 
0 
96 
1304- 
96 
0 
6.4 


.5 


a-tO 
122 

I 

46 
47 
54 

5.6 


a  Estimated. 


6  Very  slight  trace. 


c  Slight  trace. 


The  ground  waters  are  similar,  and,  like  uncontaminated  ground  waters,  are  very  clear  and 
•hnoert  colorless.  The  river  water  shows  the  characteristic  mineral  content  of  the  streams  of 
'J'Bsection — very  similar  to  that  from  French  Creek,  Oil  Creek,  Clarion  River,  and  Rcdbank 
^^'Bek,  subsequently  noted.  There  are  but  46  parts  per  million  of  total  hardness.  The  color 
^▼eiyhigh,  and  is  due  partly  to  the  marshy  drainage  of  portions  of  the  river  bottom  and 
Partly  to  oil  and  acid  wastes  received  at  Riverside,  which  probably  contribute  the  traces  of 
flvipliulie acid  and  iron.  The  well  waters  also  are  hard.  There  is  a  layer  of  blue  clay  about 
17 feet  thiek  between  the  river  bed  and  the  gravel  stratum  whence  the  welLs  draw  their  sup- 
jlfy'  Tto  jQJOvements  of  underground  waters  are  such  that  wells  of  this  depth  probably 
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draw  upon  water  not  seeping  from  the  stream  but  flowing  in  the  ground  toward  the  river;  in 
order  that  river  water  may  enter  tlie  wcHs  the  natural  flow  of  the  undei^ground  water  would 
have  to  Ixj  reversed.  Tliis  w  clearly  shown  in  Professor  Slichter's  paper  on  The  Motions  of 
Underground  Waters.^  For  industrial  uses  requiring  small  mineral  content,  such  as  steam 
making,  the  river  wat«r  'is  best.  The  well  waters  will  cause  scale  in  boilers  if  not  treated. 
There  m  a  we)  I -developed  sentiment  at  Warren  with  regard  to  the  public  health.  The 
local  Ixmrd  of  health  compilers  each  year  a  report  of  vital  statistics,  which  shows  that  in  1904 
there  were  3  deaths  from  typhoid  fever.  An  interesting  study  was  made  of  the  water  supply 
of  typhoid  fever  patients  during  this  year.  It  was  found  that  of  the  27  cases  reported  12 
used  wat<^r  from  private  wells  in  whole  or  in  part,  5  used  city  water,  and  the  remainder 
used  water  derived  from  various  sources.  Much  credit  is  due  to  the  public-spirited  citiseos 
of  this  town  for  the  attention  they  are  giving  to  problems  of  sanitation  and  public  health,  as 
well  as  to  the  management  of  the  public  water  supply.  The  only  typhoid  mortality  figora 
at  hand  are  obtained  from  the  reports  of  the  health  officer,  as  follows: 

Typhoid  mortalUy  at  Warren,  Pa, 


Year. 

ToUl 
deaths. 

Typhoid 
cases. 

^SS? 

190() 

10 
18 
29 
20 
27 

1901 

1002 

110 
112 
103 

19ftJ 

1904 

Excepting  for  the  sudden  rise  in  1902,  these  figures  compare  favorably  with  typhoid  mo^ 
tality  rates  in  most  towns  using  pure  water  supplies.  Again,  the  evidence  is  strong  w  to 
the  kind  of  ix)llution  going  into  the  Allegheny. 

Tidionte  and  TioncRta^  Pa. — Between  Warren  and  Oil  City  the  population  is  scatteiedi 
there  Ix^ing  along  this  stretch  of  the  Allegheny  but  two  villages,  Tidioute  and  Tionesta, eadi 
of  about  1,000  inhabitants.  At  these  places  the  .<«upply  is  obtained  by  gravity  from  spring 
fed  r(>,sor\'(>irs  tu  the  adjoining  hills,  and  there  is  no  sewerage.  As  the  viUagies  drain  directly 
into  the  river  it  is  very  likely  that  more  or  les.s  infection  enters  the  stream  at  these  pointi 
at  all  tini<*s. 

The  two  supplies  are  very  differt^nt.  though  l)oth  are  pure  and  excellent  for  any  purpose. 
The  Tionasta  wat^T  is  similar  to  the  Bradford  and  Kane  supplies.  The  Tidioute  water  con- 
tains <'arlx>natos.  mainly  those  of  either  magnesium  or  the  alkalies,  with  a  little  cakiuiD' 
Those  are  l)oth  greatly  superior  to  the  river  water  for  any  industrial  uses.    (See  assay  on  p.  iW 


OIL  (ItKEK. 


TUuifrillt,  Pa.  —At  Oil  City  the  Allegheny  KivtT  ivceives  the  drainage  from  Oil  Creek, 
on  which  the  largest  town  is  Titusville,  with  u  ixipulution  of  alx)ut  S/XX),  with,  sanitaiy 
sewers  di-^'harging  into  Oil  Creek.  Much  oil-woll  |K>llution  also  enters  at  this  point,  'flie 
public  supply  is  entirely  from  ground  water  pimip<>d  from  a  system  of  10  wells,  50  to  68  feet 
deep,  kxMited  at  the  station  on  Oil  Creek,,  about  1}  miles  above  town,  and  b  so  abundant 
(2,/>()(),()(KJ  galloiH  daily)  that  very  few  meters  are  in  use. 


oyiichtcr,  (.:.  S.,  Water  Supply  and  Irr.  I'ajjcr  No.  67,  U.  S.  OcoL  Survey,  p.  20et  i 
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Typhoid  mortality  at  Titmmlle,  Pa. 


Total 
deaths. 

Typhoid 
cases. 

Typhoid 
deaths. 

1 

Year. 

Total 
deaths. 

Typhoid 
cases. 

Typhoid 
deaths. 

2 
3 
3 
6 

1 
2 

1 

1899 

91 

go 

84 

18 
20 
10 
10 

1 

94 
100 

1900 

4 

1901 

1 

1902 

excellent  showing  seems  to  testify  to  the  purity  of  the  water  supply.  The  Oil 
(see  assay  on  p.  18)  is  typical  of  this  section  and,  although  somewhat  hard,  is 
to  well  water  for  use  in  boilers,  as  it  contains  few  impurities  besides  a  little  car- 
me.  The  Oil  Creek  water,  as  previously  noted,  is  very  similar  to  that  of  Alle- 
•.  The  high  color  is  due  in  great  part  to  the  extensive  oil-well  pollution  at  this 
industries  requiring  water  with  little  mineral  content,  neither  of  these  waters 
tisfactory. 

^a. — Oil  City  (population  13,0()0)  is  situated  at  the  junction  of  Allegheny  River 
ek.  Up  to  four  years  ago  the  public  water  supply  was  pumped  directly  from 
liver  without  purification.  It  was  not  until  the  high  typhoid-fever  rate  had 
ible  that  a  change  was  made  in  the  source.  Ten  wells  were  drilled  to  a  depth 
feet  at  a  point  a  mile  below  the  town,  and  the  water  is  piped  to  a  large  covered 
t  from  the  river  bank.  This  well  is  walled  with  logs,  spaced  a  quarter  of  an  ineh 
3et  of  the  loose  gravel  at  the  bottom;  above  this  the  sides  are  bricked  up  tightly. 
),000  gallons  a  day  are  pumped  from  this  protecting  well,  through  a  24-inch 
iles  to  tanks  and  delivered  by  gravity  to  the  consumers.  In  order  to  guard 
petition  of  the  scarcity  of  water  experienced  in  the  fall  of  1904,  four  more 
out  to  be  drilled  near  those  now  in  use.  The  weak  point  in  the  system  is  the 
w  river  water  can  be  pumped  at  any  time.  In  June,  1904,  when  water  was 
is  section,  it  was  deemed  necessary  to  use  the  river  water,  and  official  notices 
ingly  printed  in  the  newspapers  early  in  June,  warning  all  consumers  of  the 
-hang0.  At  the  end  of  about  ten  days  the  well  water  was  again  used.  No  fig- 
ilable  as  to  the  effect  of  this  change  on  the  typhoid-fever  rate,  but  data  are  at 
3  period  in  1901,  when  the  city  well  water  was  similarly  contaminated  with  raw 
Of  63  cases  of  typhoid  fever  occurring  at  that  time,  39  originated  in  the  city 
le  39  used  the  polluted  city  water. 

Typhoid  mortality  at  OH  City,  Pa. 


Totel 
deaths. 

Typhoid 
cases. 

Typhoid  I 
deaths. 

Year. 

1    Totel 
'  deaths. 

Typhoid 
cases. 

Typhoid 
deaths. 

16 

9  1 
30 

6 

8 

j 

1898 

i           127 

36 
73 
98 
63 
16 

4 

49 
199 
51 
37 

1899 

1900 

1901 

1902 

1 
- 172 

163 

201 

1           118 

6 

7 

156 
132 

6 
3 

)le  outbreaks  in  1893  and  1895,  when  so  many  deaths  from  this  cause  occurred 
are  examples  of  the  ravagas  of  this  preventable  disease.  The  residual  typhoid 
o  numerous,  remaining  strikingly  uniform  until  1901,  when  the  change  was 
the  polluted  river  water  to  the  present  ground  supply.  The  decrease  in  the 
leaths  is  ample  proof,  if  any  were  needed,  that  the  raw  river  water  contains  the 
n  of  typhoid. 
L61— 06 2 
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Fidd  assays  cf  voater  from  puUie  avpplifa  at  TidvouUj  Tionesta,  TitusviUe,  and  OH  Cit^,  P*-. 
and  from  Oil  Creek  at  TituwiJU,  Pa. 

[Part  per  mimon.l 


Determination. 


Turbidity 

('olor 

Iron  (Fo) 

Calcium  (Ca) 

Total  hardness  (as  CaCOa) . 

Alkalinity 

Sulphates  (SOs) 

Chlorides  (01) 


a  Ksti mated. 


Tidl- 
oute. 

Tio- 
nesta. 

Titus- 
ville. 

0 

0 

0 

45 

17 

22 

Trace. 

Tiaob. 

(») 

olO 

0 

M 

20 

18 

130+ 

61 

21 

100 

0 
4.8 

•  6 
10 

5.6 

I   oil 

Oil  city.  !^* 

vUte. 


Trace. 
64 
61 
77 

Trace. 
13 


180 
1. 
46 
29 

at 

•  5 

5 


ft  Slight  tram. 


The  Oil  City  water  is  much  softer  tlian  the  Titusville  supply.    Neither,  however,  is 
good  as  the  pure  spring  waters  of  Tidioute  and  Tionesta. 


FRENCU  CREEK. 


French  Creek  enters  the  Allegheny  at  Franklin,  a  little  below  Oil  City.    Four  towns 
considerable  size  drain  into  it — Cony,  Union  City,  Cambridge  Springs,  and  Meadville,  P 

Carry,  Pa. — Corry  (population  about  8,000)  obtains  water  partly  by  gravity  from 
spring-fed  reservoir  and  partly  from  deep  wells.  A  number  of  circumstaooes  have  coc 
bined  to  give  the  reservoir  water  a  poor  reputation. 


Typhoid  moriality  at  Corry,  Pa. 


Y«'ar. 


1K92. 
181»5. 
1899. 


Total 
death.H. 


93 


Typhoid !  Typhp* 
cases.    I  dipttbi 


These  fijnin's  urc  so  mea^or  as  to  Yh*  us<»Ios«<  cxct'pt  to  show  that  typhoid  fever  was  pre^ 
in  ("orrv  in  the  yonrs  given.  It  niay  reasonably  Im'  eonjecturt'd,  in  the  absence  of  inforn 
tion  to  the  contrary,  that  there  wa*<  at  least  as  much  of  the  disease  in  years  for  which  figU 
are  not  available.  It  is  not  known  how  much  s(?wa<;e  from  Corry  gets  into  French  CrC 
With  more  can*  in  policing  the  watershed  this  stn'am  should  make  a  good  supply;* i* 
pr()l)able.  however,  that  it  will  1m»  entirely  ahandonefl  in  favor  of  the  ground  water. 

It  would  seem  likely,  from  the  absence  of  turbidity  (see  assay  on  p.  19),  the  extremely  J 
color,  and  the  high  total  hardness,  that  the  welhvater  is  being  used  very  lai^ly,  if  not  al 
gether.  as  the  spring  waters  of  this  .section  are  usually  low  in  mineral  content.  This  wateJ 
strikingly  similar  to  that  of  the  city  supply  at  Warren  and  would  give  the  same  trouble 
industrial  u.ses  (p.  15). 

Union  City,  Pa.—  Union  (Mty  (population  about  3,0(X)),  located  about  10  miles  bel 
Corry,  luis  a  gravity  .supply  from  a  spring-fed  reservoir  (see  assay  on  p.  19).  The  i 
mainsare  largely  wood,  and  are  about  to  be  replmx'd  throughout  with  cast  iron.  A  pumpi 
station  at  the  intersection  of  French  Creek  with  th<»  main  street  supplies  French  Creek  wa 
for  fire  purposes.  It  is  so  connected  as  to  pump  into  the  mains  in  times  of  scarcity.  1 
town  would  do  well  either  to  build  a  largtT  reservoir  for  gravity  supplies  or  to  install  a  meclu 
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ical  filter  to  handle  French  Cre^k  water.  The  town  sewers  into  French  Creek,  and  there  is 
DO  pretense  at  sanitary  inspection  of  its  drainage  area.  With  the  pumping  station  in  a  posi- 
tion to  pump  dangerous  water  into  the  mains  at  all  times,  no  confidence  can  be  felt  in  the 
supply  under  present  conditions.  There  is  a  striking  similarity  between  the  reservoir  water 
and  the  creek  water  in  all  points,  and  it  is  especially  significant  that  their  chlorine  content 
is  pnctically  the  same. 

No  figures  of  t3rphoid-fever  mortality  arc  obtainable  for  this  town  except  for  1894,  when 
then?  were  two  deaths. 

Cambridge  Springs^  Pa. — Fourteen  miles  below  Union  City  is  Cambridge  Springs,  a  sum- 
mer resort  which  has  about  1 ,500  permanent  inhabitants,  and  is  annually  visited  by  many 
people.  The  water  of  the  public  supply  has  been  pumped  from  three  drilled  wells  66  to  100 
fret  deep,  but  as  this  gains  color  after  standing  a  short  while  it  has  fallen  into  general  disre- 
pute, and  its  use  has  been  practically  abandoned,  French  Creek  \/ater  being  pumped  instead. 
As  Union  City  sewage  pollutes  this  relatively  small  stream  only  a  short  distance  above  Cam- 
bridge, it  is  extremely  inadvisable  for  this  town  to  resort  to  such  a  supply.  If  typhoid-fever 
infection  should  be  carried  down  the  creek  to  Cambridge  Springs  and  pumped  into  the  city 
supply  enough  cases  may  occur  in  a  single  summer  to  destroy  the  reputation  of  the  town  as  a 
summer  resort.  Interest  in  the  public  supply  is  now  at  a  standstill.  Most  residents  who 
can  do  80  are  drinking  mineral  water  from  the  numerous  wells  and  springs  which  have  made 
tbe  place  well  known.  The  present  unsatisfactory  condition  of  the  supply  should  be  speedily 
remedied  either  by  drilling  for  a  new  ground-water  source  or  by  filtration  of  the  French 
Creek  water.  Without  such  precaution  a  serious  epidemic  of  typhoid  fever  will  some  day 
^xfx\x  in  Cambridge  Springs.    The  town  sewers  into  French  Creek. 

Fidd  asMya  ofpiMic  supplies  of  towns  on  French  Creek. 
[  Parts  per  million.] 


Determination. 


Corry. 


Turbidity I  0 

Color I  5 

I">n{Fe) I  (1) 

Calciuin(Ca) 92 

Toul  hardnesa  (as  CaCOi) i:iO+ 

^Ikalinity '  96 

Sulphates  (SO*) j  (&) 

Chlorides  (CI) ' 
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0 

212 

(°) 
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T.-i 

M) 
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0 
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0.5 
57 
61 
50 

0 
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Cambridge 
Springs. 


0 
22 

0 
41 
61 
223 
c5 
42 


o  Very  slight  trace.  i>  Slight  trace.  c  Estimated. 

Tlie  alkalinity  of  the  Cambridge  Springs  supply  is  so  much  greater  than  the  calcium  present 
•s  to  point  to  the  probable  presence  of  the  carbonates  of  magnesium  and  the  alkalies.  This* 
*»teria  by  no  means  bad  for  boiler  uses,  being  strikingly  similar  in  hardness  to  that  of  French 
Cftek. 

MeadviUe,  Pa. — ^The  danger  of  using  French  Creek  water  is  greatly  intensified  at  Meadvillo 
(population  10,000),  about  15  miles  farther  down  the  stream.  In  addition  to  the  farm 
^Wnage  along  its  course,  sewage  from  Cambridge  Springs  and  Union  City  pollutes  the  creek 
^tinually,  and  during  those  seasons  of  the  year  when  the  turbidity  is  high  it  is  utterly 
•^Dpossible  to  use  the  water  without  filtering  it.  Conditions  became  so  very  bad  that  in  1901 
■teps  were  taken  to  introduce  a  ground-water  supply.  It  is  of  interest  in  this  connection  to 
?J0te  from  the  Report  of  the  Board  of  Water  Commissioners  of  the  City  of  Meadville  for  1 901 : 

On  the  one  hand  it  was  asserted  that  the  waters  of  French  (!reek  were  polluted,  nonpotable,  and 
^•ngerous  to  human  lite.  On  the  other  hand  thorc  wore  those  who  contended  that  the  waters  of  French 
^''^ek  were  pure  and  wholesome.  Chemical  analyst's  made  by  the  most  eminent  water  specialists  in 
America  demonstrated  that  the  water  of  Frcncli  Creek  for  domestic  use  could  hardly  be  worse.  j 
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Typhoid  mortality  figures  are  as  follows: 

Typfioid  mortality  <U  MeadviU^t  PO" 


Year  Total      Typhoid    Typhoid!!  y 

**^^-  i  deaths.       cases.       deaths,  i.  ***^' 


1893 

1 

1 

1804 

,        1 

3 
9 
10 
7 

1895 

1 1 

4 

1896 

1S97 

2 

1890. 

1900. 
{  1901. 
'  1902. 


I 


Total 
deaths. 

''^'  '& 

93 

8 

172 

24 

109 

27 

174 

52 

175 

48 

The  present  supply  was  recommended  by  Messrs.  Iloring  and  Fuller  after  consideration 
the  alternative  proposition  of  filtering  French  Creek.  It  is  derived  from  sixteen  8-inch  we 
45  to  60  feet  deep,  drilled  in  the  water-bearing  gravel  underlying  much  of  the  valley  of  Cua 
wago  Cre^k,  a  layer  of  clay  between  the  surface  soil  and  the  gravel  affording  considertl 
protection  against  surface  seepage.  From  these  wells  the  city  is  pumping  about  1,500/) 
gallons  a  day.  By  putting  down  9  additional  wells  4,000,000  gallons  may  be  made  avaiUb 
The  pumping  station  and  much  of  its  machinery  is  new  and  is  the  latest  step  in  the  impro^ 
ment  that  has  marked  Meadville's  progress  sinc^  the  city  acquired  the  water-supply  plai 
Under  present  conditions  the  supply  must  be  considered  as  good  as  any  of  its  kind  in  t 
country.  If  its  use  should  beccome  universal  in  the  to^ii  typhoid  fever  would  be  practics 
wiped  out  in  a  year  or  two.  The  experience  of  the  local  board  of  health  in  1904  was  encoi 
aging.  There  were  29  cases  report^ed,  2  of  them  foreign,  as  against  87  for  1903  and  481 
1902.  It  should  be  remembered  that  the  new  water  supply  was  first  used  late  in  1902,  t 
city  water  previous  to  that  time  having  l)een  pumped  from  French  Creek.  Of  the  27cti 
prt)perly  chargeable  against  the  town  in  1904,  15  occurri»d  in  the  third  and  fourth  war 
where  most  of  the  welLs  whosc^  water  is  used  for  domestic  purpi^ses  are  located.  These  w« 
draw  from  ground  Abater  contaminated  l)y  old  buried  cesspools. 

Field  oAsay  ind  arutlyfte/t  of  pnhlic  supjily  at  .\FeadviUef  Pa. 
[Parts  pi»r  million.  1 
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^Estimated. 


This  water  requires  a  little  treatment;  for  boiler  uses  the  creek  water  is  much  better. 
figures  of  albuminoid  and  free  ammonia  show  that  there  is  very  little  nitrogen  in  the  wa 
and  the  absence  of  nitrates  and  nitrites  shows  that  no  organic  matter  had  recently  b 
added  to  it.    For  drinking  purposes  it  is  excellent. 
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ALLEGHENY   RIVER  BETWEEN   pRKSCH  CREEK   AND  CLARION   RIVER. 

Fmnldinf  Pa. — Conditions  similar  to  those  at  Meadville  have  caused  like  difficulties  at 
Franklin  (population  7,000),  on  Allegheny  River  at  the  mouth  of  French  Creek.  The  sup- 
ply for  some  time  was  obtained  by  gravity  from  several  springs,  the  water  being  impounded 
io  a  clean,  well-constructed  reservoir  lined  with  paving  brick,  and  of  a  capacity  of  1 1 ,000,000 
gallons.  The  watershed  is  unpopulated  and  is  policed  immediately  about  the  reservoir. 
The  amount  of  water  impounded  is,  however,  totally  inadequate  in  dry  seasons  for  the 
Deeds  of  the  town.  Nine  wells  have  been  drilled  in  sets  of  three,  connected  by  a  12-inch 
line  to  the  pumps,  and  so  equipped  with  gate  valves  that  any  well  or  set  of  wells  can  be 
dosed  while  the  rest  are  being  pumped.  The  results  are  fairly  good,  but  it  is  likely  that  a 
stratum  of  ground  water  containing  more  storage  than  the  one  now  drawn  upon  will  have  to 
be  prospected  for,  as  the  present  wells  become  low  in  dry  times.  During  the  last  season's 
drought  pumping  from  the  wells  had  to  be  stopped  entirely  for  a  time,  when  a  temporary 
plan  of  natural  filtration  was  attempted.  A  trench  about  6  feet  across  and  8  feet  deep  was 
dug  at  a  right  angle  to  the  river  bed,  and  the  river  water  was  pumped  into  it  and  allowed 
to  percolate  through  the  ground  until  it  reached  the  stratum  into  which  the  wells  were 
drilled.  Not  proving  very  successful  in  yield  the  plan  was  abandoned.  This  was  perhaps 
fortunate,  for  it  is  not  probable  that  this  contaminated  river  water  was  purified  by  the 
process,  as  the  wells  average  but  40  feet  in  depth.  The  idea  is  similar  to  that  of  Doctor 
Imbeaux,  Ing^nieur  dies  Fonts  et  Chauss^,  of  Nancy,  France,  who  built  an  "open  canal 
through  the  gravel  and  conducts  through  it  the  riv^  water  parallel  to  the  gallery  and  on  the 
opposite  side  of  it  from  the  bank  of  the  river;  this  has  the  effect  of  making  both  sides  of  the 
fiHer  gallery  equally  effective.  This  method  has  been  entirely  successful.^a  A  similar 
supply  at  Albion,  N.  Y.,  was  condemned  by  the  State  engineer  as  unsafe.  The  city  wells 
vere  located  near  a  canal  carrying  polluted  water,  and  in  order  to  augment  the  yield  from 
the  wells,  the  water  company  dug  trenches  from  the  canal,  which  reached  to  the  water- 
bearing gravel  that  supplied  the  wells.  The  State  engineer  held  that  the  supply  would  be 
dangerously  polluted  by  the  infiltration  of  the  canal  water  and  ordered  the  trenches 
clo6ed.b 

Six  additional  wells,  spaced  farther  apart  than  the  present  bores,  would  probably  yield 
enough  additional  water  to  supply  the  town  at  all  times. 

Field  assay  of  public  supply  at  FrankliUf  Pa. 


Determination. 


Color 

I«)D{Fe) 

^*Jclun,  (Ca) . 


Parts  per 
million. 


Determination. 

Total  hardness  (as  CaCOj) . 

Alkalinity 

Sulphates  (SO,) . 


Parts  per 
million. 


75 

90 

3 


85  II  Chlorides  (CI) I  13 


'Hiis  water  is  not  so  good  for  boiler  uses  as  the  creek  or  river  water,  nor  is  it  suitable  for 
•ndustries  requiring  extremely  pure  water. 

EnUnion,  Pa. — Notwithstanding  the  pollution  that  comes  in  from  Franklin  and  above  it, 
**Jenton  (population  1 ,000)  is  pumping  raw  Allegheny  River  water  every  day  in  the  year 
•8  a  water  supply.  An  analysis  of  Allegheny  River  water  at  the  Emlenton  intake  was  made 
^^  1902  for  the  State  board  of  health  and  is  relied  upon  by  the  people  of  the  town  as  showing 
tbat  the  water  is  safe  for  drinking.  This  conclusion  is  not  justified  by  the  analysis,  which 
■* given  below.  The  river  is  known  to  be  grossly  polluted  by  sewage  containing  pathogenic 
bacteria;  the  nitrate  figure  in  the  analysis  shows  considerable  past  pollution,  and  it  remains 

■Bedrniann,  M.,  Purification  of  water  for  domestic  use:  Trans.  Am.  Soc.  Civil  Eng.,  vol.  64,  Pt.  D 

(lotemational  Engineering  Congress) ,  p.  184.  j 

^Eog.  News,  O^.,  1904.  I 
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to  be  proved  that  this  past  pollution  is  completely  inocuous.  Certainly  no  aBBuranoeoJ 
safety  can  legitimately  bo  derived  from  one  or  two  analyses.  Emlenton  sewets  into  Alk- 
gheny  River. 

Analysis  ofwaUrfrom  Allegheny  River  ai  EmleaUmA 


Determination. 


i  Parts  per, 
million. 


Determination. 


Total  solids I       70       |l  Free  ammonia 

Oxygen  required I         1.1    I   Albuminoid  ammonia . 

Nitrates '  .16 


Parts  |Mi 
millioq, 


.as 


a  Kept.  Pennsylvania  State  Board  of  Health,  19Q2,  p.  45. 
CLARION   BIVER. 

A  number  of  important  towns  are  located  along  Clarion  River,  which  empties  into  tin 
Allegheny  a  few  miles  below  £nilenton. 

St.  Marys,  Pa. — St.  Marys  (population  4,000)  is  on  Elk  Creek,  one  of  the  headwate 
streams  of  Clarion  River.  It  is  supplied  by  a  gravity  system  from  rcservoire  on  Laurel  an 
Silver  runs,  the  reservoirs  being  filled  by  pumping.  Frequent  analyses  of  this  water  ha^ 
been  made  at  various  times  for  the  local  water  company,  which  takes  considerable  pride  i 
keeping  it  in  good  condition.  It  is  clainred  that  there  is  no  t3rphoid  fever  here.  The  wai 
is  excellent  for  any  purpose,  cither  domestic  or  industrial.  It  docs  not  seem  likely  tb 
much  drainage  from  this  town  gets  into  Allegheny  River. 

Johnsonburg,  Pa. — Johnson  burg  is  a  town  of  about  the  same  size  as  St.  Marjrs,  situaU 
directly  on  Clarion  River,  near  its  source.  The  water  supply  is  pumped  from  a  small  rest 
voir  about  1)  miles  from  the  town.  This  reservoir  is  located  on  Powers  Run,  a  mounts 
stream  with  a  very  unifonn  rate  of  flow,  and  of  exceptional  purity  so  far  as  mineral  conteo 
go.  The  daily  consumption  is  about  75,000  gallons.  No  dwellings  or  privies  arc  aUair< 
along  the  banks  of  the  stream,  but  this  precaution  is  offset  by  the  presence  of  pig  yarc 
bams,  and  chicken  yards.  During  every  rain,  and  for  some  time  after,  the  run  is  poUut 
by  washings  from  thew^  pens.  Similar  conditions  exist  lower  down,  at  a  small  settleme 
containing  about  12  families.  During  the  summer  of  1905  a  contractor's  c^mp  w 
locatt^d  directly  upon  the  stream  at  the  headwaters.  Many  c-ases  of  typhoid  fever  m 
reported  in  the  town  and  the  water  is  in  bad  repute,  yet  the  meager  figures  obtainable  as 
typhoid  mortality  indicate*,  a  very  fair  water  supply. 


Typhaid  mortality  at  Johnsonhurg,  Pa. 


Year. 

Total 
deaths. 

1885 

1896 

1897 

Typhoid    Tvphoid 
eases.       cleat  lis.  > 

4    l'  1898., 

2  ! |,  180i)., 

1    '  19()2. 

I 


Ye^r. 


Typhoid .  TVphc 


With  intelligent  inspection  of  this  watershed  Johnson  burg  should  have  a  water  supg 
as  good  as  any  in  the  country.  As  it  is  the  conditions  may  readily  cause  an  epidemic 
typhoid  fever.  The  field  assay  (p.  24)  shows  the  Pt»wers  Run  water  to  be  exceptiomt 
pure  and  excellent  for  any  industrial  purpose.  For  domestic  use  it  would  be  very  good 
not  cx)ntaminat«d,  as  shown  above. 

Ridgway,  Pa. — Clarion  River  above  Ridg^ay  (population  3,500)  is  polluted  by  t 
domestic  sewage  from  Johnsonburg  and  by  contamination  from  the  paper  mills  there, 
well  as  by  the  wastes  from  a  very  largo  tannery-.  The  public  supply  of  Ridgway  is  deri^ 
partly  from  a  spring-fed  reservoir  on  Gallagher  Creek  and  partly  from  two  wells,  02  and 
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feet  deep,  at  the  lower  edge  of  the  town,  from  which  excellent  water  is  pumped.  These 
wells  became  infected  a  few  years  ago  through  a  defective  casing,  which  allowed  leakage 
from  adjoining  sewers.  Upon  analysis  the  water  was  pronounced  unsafe,  and  though  the 
casing  has  since  been  replaced  the  supply  is  still  .<)omewhat  under  suspicion  by  the  towns- 
people. The  mineral  analysis  shows  no  unusual  features  for  a  water  drawn  from  this 
depth.  If  used  without  treatment,  it  would  give  trouble  in  boilers.  The  Gallagher  Creek 
supply  be<;omes  scanty  in  times  of  drought,  so  that  the  pumps  at  the  wells  are  now  fur- 
oisbing  nearly  all  the  water  to  the  reservoir,  from  which  it  is  brought  into  the  town  by 
gravity.  The  figures  available  to  show  typhoid  fever  mortality  are  too  few  to  serve  as  a 
basis  for  any  conclusions  as  to  the  character  of  the  water  other  than  to  prove  that  the  town 
is  not  free  from  the  disease  and  that  its  sewage  therefore  pVobably  contains  typhoid  bacilli. 
The  most  serious  outbreak  was  in  1895,  when  there  were  36  cases  of  typhoid  fever  with  one 
death. 

In  order  to  determine  the  effect  of  the  industrial  pollution  mentioned,  a  sample  was 
taken  from  Clarion  River  about  a  quarter  of  a  mile  below  the  tannery.  It  was  so  highly 
colored  as  to  be  unreadable  by  ordinary  means,  appearing  black  in  the  river,  its  shade  being 
equivalent  to  an  iron  color  of  4  parts  per  million.  It  is  practically  a  slightly  diluted  tan 
liquor  at  this  point.  Except  for  the  difference  in  color  and  alkalinity  traced  to  the  tanning 
wastes  the  two  samples  at  Ridgway  are  strikingly  alike.  The  influence  of  the  sulphite 
wastes  from  the  Johnsonburg  paper  mill  is  noticeable  in  the  high  sulphur  trioxide  figure. 

BrodnpayviUe,  Pa. — Brockwayville  (population  1,700)  is  located  on  Little  Toby  Creek,  a 
tributary  of  Clarion  River,  entering  a  few  miles  below  Ridgway.  It  has  a  spring-run 
gravity  supply  from  a  small  reservoir  on  Whetstone  Creek,  5  miles  lielow  the  town.  There 
is  little  interest  in  the  matter  in  the  village.  The  company  officials  state  that  the  water- 
shed is  not  populated  in  any  way;  but  as  there  is  no  way  of  guarding  against  pollution  of 
the  reservoir,  the  supply  can  not  be  called  wholly  satisfactory.  For  manufacturing  pur- 
poses the  water  is  far  superior  to  that  of  Toby  Creek,  which  receives  considerable  mine 
(Iniioage,  as  shown  in  the  field  assay  (p.  24). 

The  public  supply  is  typical  of  the  spring  waters  of  the  section.  The  assay  of  water 
^m  Toby  Creek  shows  the  influence  of  mine  drainage  in  the  high  sulphat^^^s  and  iron  con- 
tents and  in  the  nearly  complete  neutralization  of  the  natural  alkalinity  of  the  stream  by 
the  acid  drainage.  This  water  is  not  suitable  for  domestic  purposes  and  would  cause 
DJUch  trouble  in  boilers  from  incrustation  and  corrosion.  The  iron  is  probably  present  as 
ferrous  sulphate. 

Clarion,  Pa. — ^The  laigest  town  on  Clarion  River  is  Clarion  (population  about  2,500),  25 
^iles  from  the  Allegheny.  Its  supply  is  obtained  partly  by  gravity  from  a  reservoir  upon 
^cLains  Run,  and  it  is  said  that  Clarion  River  affords  part  of  the  supply  by  pumping  and 
^•^tmcnt  with  a  mechanical  filter.  The  sample  analyzed  seems  too  soft  to  have  come  out 
^^  the  river.  The  McLains  Run  water  should  be  a  very  satisfactory  supply  if  the  quantity 
^tiiains  sufficient  during  the  dry  season.  The  field  assay  shows  the  public  supply  to  be  a 
^«ry  fine  soft  water  suitable  for  any  purpose.     The  town  sewers  into  Clarion  River. 

The  figures  available  to  show  typhoid  fever  mortality  at  Clarion  are  few,  but  the  large 
dumber  of  cases  and  high  percentage  of  mortality  show  clearly  enough  that  the  polluted 
^ver  water  has  been  in  use. 


Typhoid  mortality  at  Clarion,  Pa. 

Year. 

'    Total 
1   deaths. 

23 
16 

Typhoid 
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Typhoid 
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m 

19 
16 
25 
26 

4 

1 

1806 

2 

m 

1900 

30 

1             ^^ 

1 

1902 

r 

^ 
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Fidti  tjuutay  of  jmhlie  Hupplifii  in  Clarion  River  htwin. 

[Parts  per  million.] 


Determination. 
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Turbidity 

Color 

Iron  ( Fe) 

Calcium  (Ca) 

ToUl  hardnesfl  (as  CaCOj) •. 

Alkalinity 

Sulphates  (SOa) 

Chlorides  (CI) 


0  ' 
Xi  ' 

0 

U 
Mi  , 

U 

U 
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0 
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12 
0 
4.K  I 
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Brock, 
way- 
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0 

A 

3 
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i:« 
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0 

27 

(«) 

0 
13 
U 

0 
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0 
45 

0 
0 


18 
0 
4.4 


Glar-     TohT 
ion.     CiwK. 


113 

Ufrf 


17 
4 

M 

90 
I 

IM 


'>K8tlmat4'<l. 


'» Very  slight  trace. 


rSUght  trwse. 


ALLEdllENY    KIVEK   BETWEEN   CI^UtlON   RIVER   AKD  REDBANK 

Parker,  Pa.- -Parker  (population  al>oiit  1,0(X))  is  built  in  a  line  along  the  Allegheny 
River  front  and  on  top  of  the  blutT  overliN)king  (he  river.  Tho  waterworks  Btation  Is  at 
the  extn>nie  southern  end  of  tlie  town,  tlio  intake  IxMug  well  out  in  the  middle  of  the  stream- 
All  sewa^  and  drainage  fmin  the  village  finds  its  way  into  the  stream  immediately  above 
the  intake.  Besides  this  there  are  two  slaughterhouse's  located  on  Toms  Run,  which  enters 
into  the  Allegheny  a  few  hundn^d  yards  al)ove  the  northoni  edge  of  the  town.  TTie  sewi^ 
of  Knilenton  is  emptied  into  Allegheny  River  a  short  distance  farther  upstream.  The 
pumping  station  is  a  ramslmrkle  building,  filthy  inside  and  out  (see  PI.  I,  A).  A  privy  in 
the  building  is  hx-ated  at  the  edg«'  of  tin'  shon',  s«>  that  every  rain  waslies  pollution  into  the 
stream  right  at  the  intake.  This  is  one  of  the  gn)ssest  eases  of  ignorance  and  uncleanlinf&sin 
water  supply  that  has  lH*en  noted  in  the  eoursn.*  of  this  investigation.  Tlio  pumping  station 
is  so  l<K'ated  as  to  supply  water  contaminated  not  only  with  all  the  pollution  from  alwvo, 
but  also  with  that  at  the  very  dours  of  the  town.  Reliable  figures  as  to  typhoid  fever hl*^' 
would  Ix'  «'xtreniely  \aluable.  During  the  f<'w  hours  spent  in  the  to^'n  6  cases  were  looatwi. 
This  plant  was  in-<(al]ed  about  thirty  years  ago  and  hits  Imm'u  in  continuous  operation  sinre. 
It  is  said  that  the  cleaning  wbirh  \hv  tank  Iuls  just  n-eeived  was  the  first  that  it  has  hed^^ 
numy  years.  Tin*  fii-st  cost  of  tin*  pumping  plant  <-ould  iu»t  have  l)cen  more  than  the  ^^^ 
hundred  dollars  necessary  to  pur<lms<'  the  tank  and  the  small  gas-engine  .which  is  doing  ^^ 
pumping.  The  plant  should  Im'  n>]>laeed  by  a  grouiul-water  .system  similar  to  ihoB^ 
Warren  and  Oil  City. 

Field  assatjs  of  iixitf  r from  AUnjInnij  Ilirtr  nt  Parker,  Pa. 


oi 


Dotonnitmtion. 


Turbidity 

Color 

Iron  (Vq) 

Calcium  (Ca). 


'mmuin'                        l)..t.Tminiitton. 

M.'i      ,   Total  hardm-.ss  (as CaCOj) 

mllU*:^ 

1  --^ 

7      ..  Aik-alinity 

2         Sulplmtos  iS(».«) 

.Ml       '  Chlorides  (CI) 

1 
1 

a  Kstimatcd. 

The  field  as.say  of  wat«r  from  the  river  at  WarrcMi  (see  p.  15)  .showed  5.(i  part4  per  millioP 
of  chlorine  at  Warren,  agreeing  very  closely  with  the  ^.O  parts  i)er  million  shown  by  th^ 
analysis  at  Emlenton,  several  miles  alxive  Parker.     The  verj-  high  rise  in  the  chlorine  at 
Parker  is  probably  traceable   to  the  salt  used  at   tlu;  slaughterhouses  at  Toms  Run  and 
seems  to  point  to  direct  pollution  of  the  river  above  the  intake  from  this  source. 
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A      PUMPING  STATION  AT  PARKER    PA. 

Showing  ccnrlition  of  bulding. 


B      DAM  ANU  R£SERVO)R  OF  PUBLIC  SUPPLY  AT  REVNOLDSViLLE    PA. 

S'^-.-vi/.ng  f'lfir-.iy   -or- , 'ruction 
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BBDBANK  CREEK. 

Redbank  Creek,  an  important  tributary  of  tho  Allegheny,  enters  the  main  stream  at  Red- 
bank  Furnace,  about  15  miles  below  Parker.  There  are  four  towns  of  conse(]uence  on  this 
tributary  drainage  area — Dubois,  Reynoldsville,  Brookville,  and  Xew  Bethlehem. 

Duboijs,  Pa. — Dubois  (population  10,000)  has  a  gravity  supply  from  largo  reser\'oir8  that 
iiii]x»und  the  waters  of  Anderson  and  Wolf  creeks.  The  Anderson  Oeok  reservoir,  9  miles 
fn>m  town,  has  a  capacity  of  150,000,000  gallons,  the  daily  consumption  l>eing  1,000,000 
gallons.  There  was  no  sliortage  here  in  the  summer  of  1 904  at  tho  time  when  drought  was 
felt  thn>ughout  this  section.  The  supply  is  allowed  to  flow  "wild"  through  the  mains  into 
town,  and  the  excess  goes  on  to  Wolf  Creek  reservoir,  where  it  is  collected  for  storage,  to  be 
pumpe<i  back  in  time  of  need.  The  watershed  is  cleared  of  habitation,  is  partly  owned  by 
the  rt^inpany,  and  is  patrolled  at  all  times  by  a  paid  constable.  The  reservoirs  are  cleaned 
twice  a  year,  and  it  is  claimed  that  all  cases  of  typhoid  fever  are  traceable  to  the  use  of  pri- 
vate wells,  nearly  all  of  which  have  been  abandoned.  Judgment  as  to  the  water  supply 
of  I^hibois  can  hardly  be  definite  in  view  of  the  meager  figures  at  hand  as  to  typhoid  fever. 
The  water  s(*ems  to  be  good. 

Typhoid  mortality  /U  Dubois,  Pa. 


v«-..  Total      Typhoid 

^<»»^-  '  deaths.  ;  deaths. 


\<y: '         m  2 

I50> I  13S  3 

IWI I  IM  I  3 


*  Tills  water  shows  (.see  a&say  on  p.  20)  a  bright  red  coloration  after  Iwing  heated  to  lx)il- 
in^  p<jint.  This  is  probably  due  to  the  presence  of  iron  as  iron  carlK)nate,  which  los(»s  car- 
lR)n  dioxide  on  heating,  leaving  the  red  ferrous  oxide  as  a  precipitate  in  the  water,  FeCO;,— 
COo=FeO,  which  combines  with  o-xygen  in  the  water  to  form  FcgOg  as  a  hmI  precipitate. 

l^fore  the  present  large  reservoir  was  in  service,  three  deep  wells,  now  plugged,  were  sunk, 
in  search  of  an  additional  supply.  Neither  quantity  nor  quality  was  .satisfactory.  The 
town  sewers  into  Sandy  Creek,  a  tributary  of  Redbank  Creek. 

Jiei/Twidsi*Ulry  Pa. — Ten  miles  below  Dubois  is  the  town  of  Reynoldsville  (population 
al>out  5,000).  It  has  a  surface  supply  fmm  two  small  reservoirs,  one  of  which  is  held  in 
rtwerxe.  The  one  actually  in  use  covers  about  thre<»-f()urths  of  an  acre  and  dotvs  not  ap{K'ar 
to  l)t»  in  good  condition,  being  apparently  foul  on  the  l)ottoin  and  sides.  The  primitive  char- 
acter of  the  works  is  shown  in  PI.  I,  B.  Tlie  earth  dam  is  but  a  temporary  .stni<-ture  and 
the  spillway  a  rough  boxing  of  planks.  The  pool  impounds  the  littl(>  run  on  whos(>  course 
it  is  built,  and  receives  the  flow  of  two  springs  besides.  Then*  is  evidently  but  a  few  days 
storage,  and  the  supply  Is  inadequate.  In  the  fall  of  1904  the  prevalent  scarcity  led  to  the 
drilling  of  two  wells  right  at  the  pumping  station,  the  water  from  which  is  said  to  Im>  a  little 
harrier  than  the  spring  water.  These  are  not  in  operation  at  the  present  time,  In'ing  held 
in  reserve. 


Typhoid  mortality  at  Iteynohhmlle,  Pa. 


Year. 


Total      Typhoid 
deaths,      ileal  hs 


ISW 38  I  2 

1»I2 44  I 

With  the  reservoir  in  its  present  condition,  the  water  supply  is  certainly  not  Ix'vond  sus- 
picion. The  land  around  this  reser\'oir  is  all  in  cultivation,  and  there  is  no  {Kjlicing  of  tho 
drainage  area.     An  assay  of  the  water  is  given  on  page  26. 
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A.     INTAKE  OF  PUBLIC  SUPPLY  AT  BROOKVILLE.  PA. 


J:      TYGARr   ii\;-ER   A7    'V^iART  JUNCTION.    W    VA. 
St-.  'A  •-,,/  'ui'..'^-    .*  it-earn  t-ed. 
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increaaed  131,000,000  gallons,  and  atill  another  reeenroir,  with  a  capacity  of  220,OOOjOOO 
gallons,  is  in  process  of  construction. 

The  Cambria  and  Morrellville  Water  Company,  with  about  500  consumers,  takes  its  witff 
from  one  reservoir  and  one  deep  well.  The  Cambria  Steel  Company's  supply,  from  mounttin 
reservoirs  and  from  Conemaugh  River,  is  said  to  be  used  exclusively  for  industrial  puipoaMi 

The  typhoid  fever  mortality  at  Johnstown  is  shown  by  the  following  table: 

Typhoid  mortality  at  Johnstown,  Pa. 


Year. 

PoDula- 

Total 
deatht. 

?sr 

rate  per 

100^ 

iroi 

21,805 
22,000 
23,300 
23,800 
25,000 

10 
5 
13 
10 
16 
21 
21 
10 
28 
40 
14 

IS 

1802 

8lT 

1803 

56 

1804 

c 

1805 

5i 

1806 

427 

1807 

26,000 
32,000 
35,036 
37,000 
40,000 

81 

1808 

450 
586 

680 

717 

31 

1800 

78 

1001 

108 

1002 

35 

Approximately  one-third  of  the  cases  of  typhoid  fever  are  among  mmreddeQtA  under 
treatment  at  the  hospitals,  and  the  remaining  two-thirds  are  about  equally  divided  between 
those  who  do  and  thasi>  who  do  not  use  the  supply  of  the  Johnstown  Water  Company. 
There  is  no  doubt  that  insanitary  local  conditions  and  the  use  of  well  water  are  re^KUiaiUe 
for  a  considerable  percentage  of  the  typhoid  fever,  but  the  distribution  of  the  disease  ovtr 
the  entire  city  among  consumers  of  the  public  supply  and  other  factors  indicate  that  the 
supply  is  not  blameless.  Stony  CnM.>k  is  so  grossly  polluted  above  the  intake  that  it  is 
absolutely  unfit  for  domestic  use  in  its  raw  state.  Comparison  of  the  Conemaugh  River 
water  with  the  mountain  water  indicates  that  the  latter  is  decidedly  the  better. 

Fieid  assays  ofuxiter  in  Kiskiminitas  River  hann, 
f  Parts  per  million.] 


Determination. 


Indiana. 
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Turbidity j  0 

Color '  40 

Iron  (Fe) '  (o) 

Calcium  (Ca) '  :» 

Total  hardness  (asCaCOg) '  37 

Alkalinity '  47 

Sulphates  ( SO3) 1  ^5 

Chlorides  (CI) '  8.2 
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56 
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27 

3& 
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41 
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flVery  slight  trace. 


b  Kstimated. 


The  Johnstown  public  supply  is  very  soft  and  pure;  but  the  high  color  suggests  some 
marshy  drainage.  The  water  of  Conemaugh  River  is  much  harder  and  makes  serious 
trouble  in  boilers,  and  is,  besides,  so  contaminated  at  times  as  to  make  its  use  for  domestio 
purposes  inadvisable  without  filtration.  The  well  water  is  very  much  harder  than  the  city 
supply. 
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Indiana,  Pa. — Indiana  (population  about  5,000)  on  Marsh  and  Whites  runs,  branches  of 
Two  Lick  Creek,  which  drains  into  Concmaugh  River,  has  an  unfiltered  suppl}  from  the 
mek. 

The  chief  trouble  with  the  water  supply  seems  to  be  the  lack  of  sanitation  on  the  creek. 
As  far  as  minenl  contents  go,  the  water  is  of  fair  quality. 

KI8XIMINITA8  RIVER  BBLOW  COMEMAUOH  RIVFR. 

Vandervrifi,  Pa. — Vandergrift  (population  about  5,000)  has  a  combination  spring  and 
well  water  supply,  and  Apollo,  near  by,  pumps  from  Kiskiminitas  River.  Both  drain  into 
the  Allegheny,  and  the  typhoid-fever  figures  given  indicate  the  character  of  this  contribu- 
tion to  the  river  water. 

ALLEGHENY   RIVER   BETWEEN   KISKIMINITAS  RIVER   AND  PITTSBURG. 

The  quality  of  the  water  of  Allegheny  River  below  Kiskiminitas  River  is  described  under 
the  heading  "Natural  filtration,"  page  57. 

SUMMARY   OF  CX>NDmONS   IN   ALLEGHENY   RIVER   BASIN. 

The  work  of  the  Pittsburg  filtration  commission  showed  conclusively  that  in  a  water- 
died  of  the  "quick-spilling''  class,  like  the  Allegheny,  even  a  scattered  population,  not  col- 
lectively a  great  number  as  compared  to  a  great  city,  can  and  does  pollute  the  main  stream 
to  a  degree  that  makes  its  water  undesirable  and  dangerous  for  drinking. 

The  foregoing  study  shows  that  typhoid  fever  exists  in  some  form  at  all  points  on  the 
HTer  and  its  important  tributaries.  •  Owing  to  the  character  of  the  physical  features  of  the 
country  this  contamination  may  enter  the  stream  at  any  point  and  be  delivered  in  virulent 
form  at  any  other  point  below.  The  profile  sheet  (PI.  Ill)  shows  that  the  slope  of  Alle- 
gheny River  is  rather  abrupt.  The  elevations  used  in  platting  in  many  cases  represent  only 
ipproximately  the  actual  level  of  the  river,  and  the  distances  are  partly  scaled  from  a  map. 
Hus  inaccuracy  of  data  is  of  no  consequence  in  a  chart  drawn  to  the  scale  shown,  the  actual 
differeDces  being  far  too  small  to  plat,  so  that  the  profilers  given  faithfully  represent  actual 
conditions. 

At  Port  Allegany,  near  the  source  of  the  stream,  the  elevation  is  1,479  feet;  at  Franklin, 
where  French  Creek  joins  the  main  stream,  the  elevation  is  969  feet,  a  drop  of  510  feet  in 
145  niilt»s,  or  about  3.5  feet  per  mile.  This  is  not  an  exceptionally  steep  grade,  many  irriga- 
tion canals  of  the  West,  built  in  earth,  having  a  fall,  roughly  speaking,  of  1  to  5  feet  per 
mile,  without  ordinarily  acquiring  a  velocity  sufficient  to  damage  their  hanks.  In  view 
of  the  resistance  offered  to  the  flow  of  water  in  the  open  channel  by  rocks  and  unevennosses 
of  surface,  it  is  evident  that  the  velocity  given  by  the  slope  of  the  river  bed  is  not  sufficient 
to  account  for  the  rapid  delivery  of  storm  water  to  a  point  near  Pittsburg. 

The  character  of  the  watershed  is  a  factor  whose  importance  can  bi'  surmised  when  one 
recollects  the  numerous  and  destructive  floods  in  this  stream.  The  sides  of  the  valley 
through  which  the  river  flows  are  steep  and  the  .soil  does  not  absorb  water  readily.  Besides, 
numerous  side  gorges  dissect  the  country  in  every  direction,  with  slopes  so  abrupt  as  to 
deliver  storm  water  in  torrents  to  the  main  stream.  Even  the  larger  tributaries  have  very 
steep  grades.  This  is  clear  from  the  profiles  of  the  comparatively  large  tributanes,  French 
CVeek  and  Clarion  River.  Between  Corry  and  Franklin,  where  it  enters  the  Allegheny, 
French  Creek  descends  457  feet  in  a  distance  of  about  70  miles,  making  a  grad(*  of  about 
6.0  feet  to  the  mile — a  slope  about  twice  as  steep  as  that  of  the  main  stream.  Clarion  Kiver, 
between  Ridgway  and  its  mouth,  a  distance  of  58  miles,  has  a  fall  of  514  feet,  or  8.9  lect  to 
the  mile.  The  facts  seem  to  be,  therefore,  that  a  valley  with  a  gradient  in  the  main  as 
low  as  3.5  feet  to  the  mile  will  deliver  storm  water  very  rapidly  if  its  side  slopes  arc  steep 
and  covered  mainly  with  a  somewhat  impervious  soil. 

The  significance  of  these  conditions  and  the  justness  of  the  judgment  thereon  by  the 
filtration  commission's  experts  will  be  made  clear  by  the  following  description  of  the  Monon- 
g&hela  River  drainage. 
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MONONGAHELA  RIVER  BASIN. 

DESCRIPTION  OF  BASIN. 

Monongahela  River  is  formed  by  the  junction  of  several  streams,  the  largM 
YoughioghcDj,  which  enters  at  McKeesport.  Above  this  point  the  largest  i 
Cheat  River,  which  furnishes  the  greater  portion  of  the  water  in  the  Monongafai 
round.  The  drainage  area  of  this  stream  as  well  as  that  of  West  Fork  and  of  T] 
other  tributaries  of  the  Monongahela,  is  very  sparsely  populated,  the  towns 
small,  and  far  between.  The  total  population  of  the  Monongahela  River  draii 
1900  was  almost  identical  with  that  of  the  Allegheny,  each  consisting  of  ab 
people. 


PITTSBliFlG 


{^M^f^^^wokifufjaacf 


FiQ.  2.— Map  of  Monongahelii  River  bjiHiii,  showinj;  population. 


TYOART  BIVEB   ABOVE   BUCKHANNON    RIVER. 

Tygart  River  is  a  rapid  stream  flowing  over  naked  roi'k  (PI.  II,  /?,p.  26)  in  neai 
of  its  course,  through  very  thinly  inhabited  country.     The  heavy  timber  in  i 
an'a  was  cut  long  ago,  so  that  very  little  lumbering  is  now  carried  on  there, 
frequent  accompaniment  of  pollution  of  the  running  streams.     The  profile  ( 
(PI.  Ill)  points  to  the  fact  that  on  account  of  the  rapidity  of  its  flow  there  can 
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ptirification  of  its  water,  the  pollution  not  being  detained  long  enough  in  the  water  to 
nit  much  sedimentation. 

IkinSf  W.  Va. — The  town  nearest  to  the  source  of  Tygart  River  is  Elkins  (population, 
it  2,500),  whose  water  supply  is  pumped  directly  from  the  river  without  purification, 
ild  assay  of  this  water  is  given  on  page  33.  In  view  of  the  very  scanty  population  above 
ins,  a  little  intelligent  sanitary  inspection  should  insure  a  good  supply,  the  water  being 
i  rule  exceptionally  pure  and  clear.  There  is,  however,  more- or  less  pollution  at  all 
3S  from  privies  and  farms  along  the  stream,  putting  the  city  in  the  position  of  drinking 
1  a  beautiful  reservoir  of  clear  water  which  is  liable  to  contamination  by  every  one 
king  along  the  river.  The  sewage  of  Elkins  drains  into  Tygart  River,  and  as  the  flow 
be  stream  is  swift  the  harmful  character  of  this  contribution  is  not  much  lessened  in 
short  time  it  traverses  the  15  miles  between  Elkins  and  Belington. 
*>dingtonf  W.  Va. — Belington,  a  town  .of  possibly  800  population,  draws  its  supply 
ctly  from  Tygart  River.  .It  seems  certain  that  more  or  less  pollution  from  Elkins 
age  is  bound  to  come  down  as  far  as  Belington;  besides  the  same  liability  to  careless 
ranton  pollution  that  exists  above  Elkins  would  operate  to  make  the  water  unsafe  for 
ington.  Sanitary  inspection  of  the  stream  is  needed.  A  field  assay  of  water  from 
;art  River  at  Belington  is  given  on  page  33. 


BUCKHANNON   RIVER. 

kickhannon  River  enters^  the  Monongahela  at  Tygart  Junction,  about  12  miles  below 
lington,  carrying  at  least  as  much  water  as  Tygart  River  docs  up  to  that  point. 
^uekfumnonf  W.  Va, — The  only  town  on  this  tributary  is  Buckhannon  (population, 
00),  whose  water  supply  is  drawn  directly  from  Buckhannon  River,  which  is  backed  up 
several  milc^  above  the  city  by  an  old  milldam.  The  intake  of  the  pumping  station  is 
>ve  the  points  of  exit  of  the  sewage  from  the  city.  The  plant  is  operated  in  connection 
ii  a  modem  ice  plant  using  sterilized  water.  The  same  laxity  exists  hero  as  at  Beling- 
i  and  Elkins  as  regards  sanitary  inspection  of  the  stream. 

Fidd  as9ay9  cfwaUrfrcm  Buckhannon  and  from  Buckhannon  River. 
[Parts  per  million.] 


Determination. 
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a  Slight  trace. 

The  well  water  is  obtained  from  a  well  that  some  years  ago  caused  a  typhoid  epidemic 
becoming  infected  with  drainage  from  neighboring  privies.  The  water  is  charsct-or- 
caDy  hard  and  would  be  very  poor  for  any  industrial  or  domestic  use,  and  the  liability 
the  well  to  pollution  from  infected  drainage  makes  it  best  to  avoid  it  as  a  source  of  water 
drinking.  The  two  analyses  of  the  river  wat<T  show  practically  the  same  mineral  con- 
t  and  indicate  that  it  is  a  very  excellent  water,  .suitable  for  any  manufacturing  or  U)iler 
poses. 

lie  great  objection  to  the  Buckhannon  water  lies  in  the  deliberate  pollution  that  goes 
all  along  the  river  above  the  town.     For  40  miles  above  Buckhannon  the  stream  winds 
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through  forest  country  having  a  very  scanty  population  scattered  along  the  banks.  Tben 
ani  eight  or  t<»n  Httle  villages  along  the  course  of  the  stream,  and  every  one  of  them  htsit 
le*st  two  or  thn»e  privies  overhanging  the  water. 

Pickens,  W.  Va. — Pickens,  a  town  at  the  head  of  the  river,  having  a  population  of  afev 
hundred,  is  built  on  tlie  stiH^p  slopes  of  a  little  valley  draining  into  the  stream.  At  the 
railroad  station  the  privy  stands  directly  over  a  tributary  within  40  yards  of  the 
main  stream.  Farther  downstream,  at  the  mill,  there  are  two  or  three  more  prin» 
located  directly  on  the  stream  itself.  With  this  pollution  going  down  the  river,  rran 
forced  every  few  miles  with  mon^  it  is  difficult  to  see  how  Buckhannon  water  can  be 
safe.  The  only  protection  the  consumers  have  is  the  7-mile  sedimentation  basin  into 
which  ^hc  river  at  Buckhannon  has  been  turned,  giving  the  pollution  a  chance  to  settle. 

Field  asftays  of  water  from  Pickens,  W,  Va. 
(Parts  per  million.] 
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a  K8timate<l. 

The  spring  fumisiies  a  typical  water  of  this  class— soft  and  pure.  The  high  minen.! 
content  of  the  sliallow  w«*n  |>oints  to  a  charaet^'ristic  rock  water,  the  rock  l)eing  within  » 
few  feet  of  the  surface  and  dipping  down  the  hill  to  where  the  100-foot  well  is  located. 
The  latter  is  us<»d  in  lM>ilers  with  unsatisfact^)ry  results,  as  might  be  expt»ctcd  from  th« 
assay. 

TY(JART    KIVKU    BELOW    BUCKHANNON    RIVER. 

Philippi,  W.  Va.  -The  village  of  Philippi  (ixipulation  al)out  1,000)  is  located  on  Tygart 
River,  alwut  15  miles  below  Bt»Hngton  and  alxmt  12  miles  below  Buckhannon.  As  th« 
sewjige  from  the  towns  already  mentioned  pollutes  the  stream,  it  is  not  believed  that  th^ 
Philippi  supply  is  safe,  pumped  as  it  is  directly  from  the  river  without  purification.  It 
should  Im?  borne  in  mind  that  whiK^  these  streams  do  not  receive  a  great  deal  of  pollutioo 
from  any  one  of  thesis  towns,  the  amount  of  water  in  the  river  beds  becomes  very  low  iD 
the  summer  and  fall,  so  that  the  beneficial  effects  of  dilution,  if  there  are  any,  must  he 
very  sliglit,  and  at  the  same  time  sedimentation  and  storage  probably  play  no  part  at  all 
in  the  purification  of  the  water,  owing  to  the  liigh  velocity  of  the  streams. 

Altliougli  the  water  is  naturally  very  pure  and  these  httle  towns  are  about  15  miles 
apart,  it  seems  rertain  that  purification  in  a  stream  so  small  and  rapid  is  not  sufficient  to 
warrant  the  use  of  the  water  for  drinking  after  infection  from  even  a  few  families  ha» 
entered  the  stream.  Although  the  drainage  area  as  far  down  as  Grafton  is  so  sparsely 
inhabited  that  pollution  from  all  soun-es  except  city  sewage  is  extremely  slight,  the  rugged 
nature  of  the  country  allows  stonii  water  to  enter  the  stream  very  rapidly,  increasing  th^ 
liability  to  wash  down  infection.  Nevertheless,  the  water  remains  very  clear  a  great  deal 
of  the  time,  there  being  comparatively  littl(>  fine  soil  to  be  wa.shed  away. 

Grdfhn,  W.  Vn.  -(inifion  (population  alH)ut  o.(X)())  is  alwmt  20  miles  down  the  river 
fn)in  Philippi.  The  city  supply,  amounting  to  about  ri(K),()(X)  gallons  a  day,  is  drawn 
diriKJt  from  the  Tygart  River  without  purification.     ^Vs  very  little  sewage  is  added  to  the 
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ttretm  from  Philippi,  there  is  a  stretch  of  about  35  miles  that  may  be  regarded  as  rela- 
tively free  from  pollution  above  Grafton.  Distance,  however,  in  the  absence  of  conditions 
permitting  sedimentation,  is  of  no  avail  in  purifying  river  waters,  and  it  is  believed  that 
this  water  is  not  safe  for  drinking  purposes  without  treatment.  There  is  so  much  wanton 
defilement  in  small  amounts  along  the  stream  that  anyone  who  follows  its  course  from  its 
MNiroe  to  Grafton  will  not  be  inclined  to  drink  the  raw  water  at  any  point.  The  city  of 
GiiftoQ  has  never  taken  proper  care  of  its  water  supply.  Until  a  few  years  ago  the  intake 
of  the  city  system  was  a  little  below  the  town,  so  that  the  people  of  the  town  were  drinking 
»  dilution  of  their  own  sewage.  The  consequent  high  typhoid  rate  resulted  in  the  removal 
of  the  intake  up  the  stream,  by  which  the  conditions  were  somewhat  improved.  Filtra- 
tion of  the  supply,  however,  is  absolutely  necessary  to  make  the  water  safe. 

The  change  in  chemical  content  below  Belington  is  striking,  the  hardness  and  alkalinity 
both  being  reduced  about  50  per  cent  at  Tygart  Junction  and  the  hardness  still  further 
reduced  at  Grafton.  The  reduction  is  probably  due  to  the  acid  mine  drainage  along  the 
course  of  the  stream  neutralizing  the  alkaline  carbonates  to  a  great  extent  and  causing 
the  precipitation  of  some  of  the  calcium  carbonate.  The  amounts  of  these  present  are  so 
very  small  that  this  water  is  exceedingly  pure,  usable  for  any  industrial  purpose  in  its  raw 
sUte. 

Between  Grafton  and  Fairmont  the  river  flows  through  a  country  that  is  somewhat 
more  rolling  than  that  at  the  headwaters.  There  is  little  population,  only  a  few  hatolets 
being  on  the  stream.  It  is  noticeable,  however,  that  every  one  of  them  has  houses  drain- 
ing into  the  stream,  so  that  pollution  in  small  quantities  is  constantly  entering  it.  There 
are  no  public  supplies  at  these  points,  the  inhabitants  all  using  individual  wells. 

Fidd  assay t  cf  loaterfrom  Tygart  River  at  paints  in  West  Virginia  and  of  well  water  from 

Colfax,  W.  Va. 

[Parts  per  million.] 
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o  Estimated. 

The  well  waters  are  both  in  the  rock,  poasibly  in  the  coal  scam  which  was  uncovered 
it  the  depth  of  about  35  feet  in  building  the  abutments  for  the  bridge  at  this  point.  They 
Me  both  very  hard.  That  of  the  53-foot  well  destroys  tinware  rapidly,  probably  by  the 
•ction  on  the  metal  of  free  COj  in  the  water.  It  is  possible  also  that  the  iron  is  present 
M  ferrous  bicarbonate  (FeH  (003)2),  which  is  decomposed  in  contact  with  the  metal, 
giving  off  a  little  free  COj. 

WEST  FORK   RIVER. 

At  Fairmont  Tygart  River  unites  with  West  Fork  River  to  form  the  Monongahela. 
West  Fork  River  is  a  stream  of  very  different  character  from  the  one  just  discussed.  As 
oay  be  seen  from  the  profile  sheet,  it  is  practically  a  .series  of  pools  connected  by  the  run- 
ning stream,  with  a  very  slight  fall,  so  that  purification  may  go  on  to  a  gre^t  degree  by 
the  influence  of  sedimentation  and  storage.  The  stream  is  also  very  turbid  during  a  large 
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portion  of  the  year.  This  adds  to  the  possibility  of  purification  by  the  heavy  particki 
settling  in  the  pools  and  carrying  down  the  bacteria. 

WestoUt  W.  Va. — The  city  of  Weston  (population  3^000)  is  nearest  the  head  of  the  stretm. 
Above  it  there  is  no  sewage  and  a  scattered  and  scanty  population.  The  public  supply  ii 
pumped  directly  from  West  Fork  River,  about  200/XX)  ^dlons  a  day  being  used.  Tbe 
supply  is  to  be  criticised  in  three  respects.  In  the  first  place,  it  becomes  very  scarce  duiiDg 
the  summer.  Secondly,  the  turbidity  is  high  at  certain  seasons  of  the  year.  The  dnin- 
age  area  of  this  stream  is  different  from  that  of  Tygart  River  in  that  there  is  a  deeper  aofl 
and  much  more  land  in  cultivation,  so  that  the  frequent  rains  wash  down  much  fine  ydlov 
clay,  which  settles  very  slowly  in  the  wat^r.  The  third  objectionable  feature,  hardly  lai 
serious  than  the  insufficient  quantity,  is  that  besides  the  organic  matter  which  is  washed 
into  the  stream  above  Weston  from  the  dwellings  and  farms  along  the  shores,  the  stretB 
is  wantonly  polluted  above  the  intake  of  the  waterworks.  There  are  several  privies  oo 
the  other  side  of  the  river  from  the  waterworks  just  a  few  feet  above  the  dam. 

On  the  whole,  a  great  deal  of  improvement  is  needed  in  the  town's  water  supply  before 
it  can  be  said  to  be  satisfactory.  The  water  company  is  contemplating  the  purchase  of  a 
mill  sit«  farther  up  the  river,  which  will  add  about  40,000,000,  gallons  of  storage.  If  thii 
purchase  is  made  and  vigorous  measures  are  taken  to  police  the  area  adjacent  to  the  river, 
the  result  will  be  an  immense  improvement  in  the  quality  of  the  water. 

The  quality  of  ground  water  which  it  is  possible  to  develop  here  for  municipal  use  is  indi- 
cated by  the  field  assays,  given  herewith,  of  water  from  three  deep  wells  sunk  in  search  of  oil 
and  gas.  The  quantity  of  water  obtained  from  these  wells  is  ample.  In  quality  the  wtter 
is  fairly  good  for  drinking  purposes,  though  too  high  in  mineral  matters  for  commercial  use. 
The  wells  are  located  rather  close  together,  the  Ir\'in  and  Woodford  wells  being  on  oppoato 
sides  of  the  river,  about  a  quarter  of  a  mile  apart  and  the  Maxwell  well  about  2  mikis  dis- 
tant. The  remarkable  agreement  in  the  quality  of  the  waters  of  the  two  former  would  snO 
to  indicate  that  they  arc  from  the  same  water  horizon.  It  is  believed  that  a  chain  of  web 
sunk  to  the  depths  indicated  would  yield  an  ample  water  supply  for  the  town  of  Weatoa 
Such  a  supply  could  not,  however,  be  used  in  boilers  without  treatment. 

Field  assays  of  ground  waierfrom  Westont  W".  Va, 
[Parts  per  million.] 
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These  waters  are  all  hard  rock  waters,  suitable  for  drinking  purposes,  but  high  in  incrust^ 
ing  and  corn)ding  solids,  and  therefore  unfit  fur  use  in  boilers.  The  chlorides  corrode  the 
tul)es  rapidly,  and  no  treatment  has  yet  been  discovered  that  will  prevent  this  action. 

The  water  of  West  Fork  River  itself  is  veiy  similar  in  mineral  content  to  that  of  the  two 
streams  discussed  above.  The  field  assay  is  supplemented  by  an  analysis  furnished  by  the 
Baltimore  and  Ohio  Railroad  Company  made  in  October,  1900: 
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Fidd  assay  cftoaterfrom  West  Fork  River  and  analysis  ofvxUerfrom  pod. 
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a  Estimated. 
RiMARKS  BT  ANALT8T:  Full  of  organic  matter;  rotten  odor;  unfit  for  use. 

When  the  stream  becomes  very  low  in  the  fall,  it  is  of  uninviting  appearance  in  the  pools, 
and  this  feature  makes  the  present  supply  most  unsatisfactory. 

Clarkihuryy  W,  Va. — Clarksbdrg  (population  about  6,(XX))  is  about  22  miles  down  West 
Fork  River  from  Weston.  The  city  supply  is  pumped  without  purification  from  West  Fork 
River.  Between  Weston  and  Clarksburg  there  is  considerable  rural  population,  the  land  be- 
ing rolling  and  fertile.  Although  farm  pollution  takes  care  of  itself  to  a  large  extent,  a  por- 
tion at  least  of  the  drainage  from  the  farms  finds  its  way  into  Elk  Creek  and  West  Fork 
River.  The  most  important  factor  of  pollution,  however,  is  the  sewage  from  Weston.  If 
tljere  were  always  plenty  of  water  in  the  river  its  extremely  low  rate  of  flow  might  insure 
BufiScient  detention  of  the  sewage  to  cause  a  high  degree  of  purification.  The  stream  be- 
comes 80  nearly  dry,  however,  that,  as  at  Weston,  isolated  pools  have  to  be  drawn  upon  for 
the  city  supply  at  certain  seasons  of  the  year.  Plans  are  under  way  for  rebuilding  the  Clarks- 
burg pumping  plant  and  adding  to  it  a  settling  basin.  If  efficiently  operated  this  will 
improve  the  appearance  of  the  water  and  probably  lower  the  bacterial  content  to  some  extent. 
It  is  not  believed,  however,  that  this  water  is  safe  for  public  supply  without  filtration.  It  is 
claimed  by  the  townspeople  that  it  is  not  used  for  drinking,  spring  and  well  water  being  sold 
wdused  extensively.  A  similar  claim  is  made  in  nearly  every  town  in  West  Virginia  that 
has  a  bad  water  supply;  but  in  most  cases  the  statement  is  not  warranted  by  the  facts. 
Experience  has  shown  that  no  matter  how  bad  the  quality  of  the  water,  if  it  has  not  an 
offensive  appearance  and  odor,  and  frequently  if  it  has,  a  large  percentage  of  the  population 
on  the  taps  will  drink  it  habitually,  trusting  to  luck  to  escape  disease.  It  is  safe  to  assume 
that  every  dangerous  pubUc  water  supply  in  West  Virgmia — and  there  are  many  of  them — 
*hich  it  is  claimed  by  the  residents  is  used  only  for  washing,  is  being  drunk  by  precisely 
those  who  should  not  drink  it — the  poorer  inhabitants,  who  can  not  buy  pure  water  or 
take  care  of  themselves  aft«r  they  are  infected. 

West  Fork  River  water  would  not  be  unusually  difficult  to  filter,  the  experience  of  the 
Hotel  Waldo  with  a  small  Loomis  apparatus,  with  alum  sedimentation,  Ijcing  very  encour- 
aging. This  device  is  in  the  form  of  a  compact  tank  inclosing  a  so-called  cutting  plate  or 
diaphragm  screen,  through  which  the  sand  has  to  pass  up  and  down  in  washing,  breaking  up 
the  dirty  material  caught  on  the  sand.  An  assay  of  the  water  treated  with  this  apparatus 
shows  a  remarkable  improvement  in  quality,  due  largely  to  the  heating  of  the  raw  water. 

Three  analyses  of  ground  water  from  wells  at  Clarksburg  are  given  below.  These  waters 
MB  derived  from  widely  different  levels,  the  shallowest  being  in  one  of  a  group  of  flowing 
wells  46  feet  deep  at  Union  Heights.  This  well  furnishes  water  for  domestic  use,  but  like 
the  160-foot  well  of  the  Standard  Milling  Company  its  yield  is  not  sufficiently  great  to  make 
it  important  for  anythmg  but  private  supply.  Not  until  the  drill  is  sunk  to  the  extreme 
depth  shown  at  the  Hotel  Waldo — 500  feet — is  a  body  of  water  found  great  enough  to  stand 
pumping.    Its  quality,  however,  approximates  that  of  mineral  water,  its  chlorine  and  iron  J 
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contents  being  extremely  high.  The  well,  which  is  a  4-inch  one,  was  pumped  all  i 
and  supplied  a  large  portion  of  the  town  until  the  excessive  drou^t  of  1904  so  exhausted 
the  stratum  as  to  necessitate  a  stoppage  of  pumping.  It  would  seem,  however,  thtt  tn 
adequate  city  supply  could  be  obtained  by  drilling  a  number  of  wells;  but  the  expense  of 
this  system  and  the  fact  that  the  water  is  unfit  for  boiler  use  indicates  that  it  would  be 
better  and  cheaper  to  install  a  plant  for  mechanically  filtering  the  water  of  West  Fork  River. 

Field  assays  of  water  from  Clarksburg ,  W.  Va. 
[Parts  per  millioD.] 


Determination. 


Turbidity. 
Color 


46-foot 

flowing 

weil, 

T.J. 

Francis. 


Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCOi)  , 

Alkalinity 

Sulphates  (SOi) 

Chlorides  (CI) 


0 
0 
0 
88 
104 
312 
0 
60 


160-foot 

well, 

SUnd- 

ardCo. 


0 
17 

6.5 
56 


257 

ic) 

19 


500-foot 

well. 

Waldo    i 
Hotel.      Raw. 


West  Fork 
River. 


I    Fil- 
j  terei 


0  I 
27 
24 
64 


381  . 

0 
423 


(o) 
88 
&1.5 

0 
63 
20 
MO 

9 


0 
17 

2 

0 

21 

14 
0 
4 


a  Decided. 


b  Estimated. 


e  Very  slight  trace. 


The  well  waters  are  too  high  in  mineral  contents  to  be  used  in  industrial  plants  withoU^ 
treatment.  The  river  water  is  shown  in  it.s  natural  state  and  as  improved  by  filtration  wi  t» 
the  Loomis  apparatus,  the  process  rendering  it  extremely  soft  and  the  diminution  in  l»*^ 
terial  content  making  the  eflluont  safer  for  drinking.  It  is  not  known  whether  the  proce«^ 
can  be  made  cheap  enough  for  use  on  a  large  scale. 

Salem  and  Wallace,  W.  Va. — Salem  and  Wallace,  on  the  branch  lines  of  the  Baltimore  aO<* 
Ohio  Railroad  radiating  from  Clarksburg,  pn'scMit  conditions  typical  of  towns  that  rely  t>D, 
ground  water  for  their  supply.  Salem  (population  7(X))  derives  its  supply  from  six  well^y 
al)out  IOC)  feet  in  depth,  all  in  the  sandstone,  the  source  of  all  the  drilled-well  water  in  tb*^ 
st^ction.  The  first  water  stratum  is  tap|>ed  at  about  'iCy  feet.  Springs  in  the  section  ai* 
neither  numerous  nor  strong  and  practically  all  fail  in  times  of  drought. 

The  spring  water  is  considerably  mon*  mineralized  than  the  pure  mountain  springs  in  thi* 
drainage  area,  yet  it  may  Ih'  considered  a  soft  water.  The  public  supply  (assay  on  p. 37)  ^ 
ver}'  hard,  not  usable  for  industrial  or  boiler  purposivs  without  treatment.  The  high  alk»' 
linity  suggests  the  presence  of  alkaline  carbonates,  l)esides  the  calcium  compounds. 

At  Wallace,  W.  Va.,  a  little  oil  town  (population  AOO)  there  is  no  public  supply.  Tli^ 
town  is  built  along  a  little  creek  draining  into  West  F'ork  River,  and  in  every  case  whero  i* 
was  possible  to  do  .so  the  outhouses  have  iK'cn  const  meted  to  overhang  the  creek,  the  latt^'" 
becoming  practically  an  open  sewer. 

The  extensive  drilling  for  oil  has  develoi)cd  the  geological  .structure  in  this  section  enoug»* 
to  sliow  that  water  may  he  had  at  depths  ranging  from  20  to  about  200  feet — in  large  quaH' 
tity  and  reputed  good  quality — at  the  latt<T  depth.  The  a.^suys  (p.  37)  are  of  water  froff* 
shallower  wells  in  common  use,  the  108-ffM)t  well  l>eing  on  a  farm  at  the  edge  of  the  town* 
Most  of  the  shallower  wells  become  very  low  in  summer. 

The  water  from  the  lOS-foot  well  is  remarkahlc  for  its  softness,  the  probability  being 
that  the  carl)onates  are  present  as  .sodium  and  potassium  carbonates,  and  that  calcium 
and  magnesium  are  lacking.  As  the  great  difficulty  with  the  gn)und  waters  of  northern 
West  Virginia  is  their  hardness,  which  unfits  them  for  boiler  u.ses,  this  well  is  important  aa 
indicating  a  vein  of  soft  water  at  this  depth.    The  other  water  assayed  is  fair,  the  incniating 
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aolids  being  chiefly  calcium  carbonate.    The  yield  from  the  well  furnishing  this  is  small, 
sufficient  only  for  a  half  dozen  families. 

ShinmUmf  W.  Va. — Between  Clarksburg  and  Fairmont  there  are  many  small  coal-mining 
camps  and  coke  ovens.  Shinnston  (population  600),  on  West  Fork  River,  is  the  laigest  of 
these  places.  The  public  supply  is  pumped  unpurified  from  the  river  into  a  1,000-barrel 
Uok.  This  is  said  to  be  used  for  fire  service  only,  drinking  water  being  obtained  entirely 
from  shallow  wells  10  to  40  feet  deep,  the  depth  depending  on  the  elevation  of  the  top  of  the 
well,  the  water  in  all  being  derived  from  beds  at  the  same  horizon  apparently.  The  town  is 
located  just  below  the  Pittsbuig  coal  seam,  which  in  pierced  at  East  Shinnston,  about  3 
miles  farther  northeast,  where  there  are  flowing  mineral  wells.  Some  years  ago  a  drilling 
made  through  the  first  rock  (40  feet)  by  William  Blair  gave  good  water  in  great  quantity. 
There  is  the  usual  string  of  outhouses  overhanging  the  river. 

Field  assays  of  water  from  5a/em,  Wallace  y  and  Shinnston  ^  W.  Va. 
[  Parts  per  million.] 


Salem. 


Turbidity 
Color 

Iron  (Fe) 

Caldum  (Ca) 

ToUl  hardness  (as  CaCoa) 

Alkalinity 

Sulphates  (SOa) 

Cbloride8(a) 


Spring. 

0 
45 
0 


100-foot 
well. 


0 
45 

1 
156 


56J 
19  ' 
0  I 
19  ' 


249 
47 
59 


Wallace. 


42-foot 
well. 


0 
10 
Trace. 
53 
77 
180 
0 
29 


lOfi-foot 
well. 


0 

166 

1.25 

0 

a> 

103 
0 
29 


Shinn8t<^:n. 


0 
45 
1.5 
100 
139+ 
73 
47 


MONONGAHELA   RIVER   FROM   TYGART  RIVER  TO  CHEAT  RIVER. 

foxntumt,  W.  Va. — Fairmont  (population  5,000),  about  30  miles  below  Clarksburg, 
ponips  Monongahela  River  water  for  filtration.  This  was  formerly  effected  by  two  mechan- 
'<*!  filters  of  the  Buffalo  type,  but  during  the  summer  of  1905  two  slow  sand  filters  75 
wt  square  were  installed  and  are  now  used.  With  proper  operation  of  these  filters  the 
city  ought  to  have  an  excellent  water  supply,  the  mine  drainage  up  to  this  point  not  being 
sufficient  to  make  the  water  objectionable  and  the  other  mineral  impurities  being  slight, 
^yses  of  the  raw  and  the  filtered  waters,  given  below,  agree  very  clo8ely. 

Field  assays  of  Monongahela  River  water  at  Fairmont,  W.  Va. 
[  Parts  per  million.] 


Determination. 


T^ldlty 

Color 

Iron(Fe) 

C»lcium(Ca) I      (&) 


Raw     i  Filtered 
water.    I    water. 


I 


«      1 
83      I 

a.  8 


0 
83 

Trace. 


Determination. 


Raw 
water. 


Total  hardness  (as  CaCoa) 

Alkalinity 

Sulphates  (SO3) 

Chlorides  (CI) 


35 

14  I 

a5  I 

9 


Filtered 
water. 


35 

14 

a5 

9 


a  Estimated. 


b  Slight  trace. 


The  three  analyses  folloi»ing,  furnished  by  the  Baltimore  and  Ohio  Railroad  Company, 
ahow  that  the  variation  in  quality  at  different  seasons  of  the  year  is  great  enough  to  cause 
considerable  difficulty  in  handling  the  water,  either  in  filtration  for  drinking  or  in  treatment 
for  industrial  purposes.  m 
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Analyses  of  water  from  Monongahda  River  at  Fairmont,  W.  Va, 

[  Parts  per  million.] 


Determination. 


Color 

Turbidity 

Calcium  (Ca) 

Magnesium  (Mg)  .*. . . . : 

Carbonic  acid  (COs) 

Sulphuric  add  (8O0 

Iron  and  alumina  (AlsOi  and  FeiOs) 

Alkali  chlorides 

Alkali  sulphates 

Total  solids 


Feb.  26,     June  9, 
1900.  1903. 


1903. 


(•) 

8.9 

1.8 
11.6 

9.9 
10.3 

3.2 

0 

I. 

45.7  1 


i      ^'^      I 
I  Decided.  I 

I  2.6 


Sligl 

SUg] 

21 


,          12.8 

S 

7 

m 

32 

i 

9 

8 

0 

0 

70.6 


1« 


n  Yellowish,  clay. 


f>  Yellow,  muddy. 


c  Considerable. 


The  vuriution  in  total  solids  is  seen  to  be  as  high  as  100  per  cent  between  June  and  Se{ 
tembcr,  though  the  June  sample  was  taken  after  a  heavy  rain. 

Buffalo  Creek,  which  enters  the  Monongahela  at  Fairmont,  drains  an  extensive  coa 
try  having  a  population  of  several  thousand.  The  most  important  town  is  ManmngU 
(population  2,500),  which  has  a  very  complete  water^'orks  system.  The  supply  is  deiifi 
from  11  wells,  100  feet  in  depth,  driven  close  together  near  the  creek  about  half  a  mile  fro 
town.  As  it  was  feared  that  summer  demands  would  make  it  necessary  to  drai»  upon  tl 
polluted  waters  of  the  creek,  u  mechanical  filter  was  installed  for  treating  the  creek  niU 
It  is  claimed  that  up  to  date  it  has  not  been  necessary  to  use  the  filter.  The  creek  cani 
the  town  sewage  as  well  as  that  of  Farmington  and  other  small  communities,  receiving  al 
drainage  from  numerous  coal  crimps  along  its  course.  A  field  assay  of  the  water  is  given  < 
page  39. 

It  should  now  bo  sufficiently  evident  that  from  this  point  on  down  stream  the  Moooog 
hela  River  water  is  dangerous  for  drinking  purposes  unl&ss  it  can  be  shown  that  it  hascoi 
pletely  purified  itself  by  sedimentation  in  the  lower  reaches  of  the  river.  The  influence 
the  Weston  and  Clarksbun?  sewage  in  a  stream  so  small  and  so  subject  to  failure  as  W< 
Fork  River  certainly  extends  as  far  us  Fairmont.  Besides  this  the  pollution  from  Graft 
must  necoiisarily  add  much  fresh  contamination  to  the  stream  above  Fairmont.  That  ci 
is  considering  the  removal  of  its  waterworks  intake  so  as  to  draw  from  T^gart  River,  whi 
would  certainly  be  better  than  the  present  source,  for  the  West  Fork  contamination  woi 
thus  be  completely  eliminated. 

Morgantoum,  W.  Va. — Moigantown  (population  1,800),  about  20  miles  farther  down  t 
stream,  has  one  of  the  most  complete  waterworks  systems  in  West  Virginia.  The  watei 
pumped  from  Monongahela  Hiver  into  a  settling  htusin,  whence  it  passes  to  four  roAchani 
filters.  There  is  no  clear-water  resc*rvoir,  the  filti^rcd  water  going  directly  into  the  ma 
to  the  average  amount  of  1,200,(X)0  gallons  a  day.  The  water  seems  to  be  satisfacto 
The  old  gravity  supply,  from  a  mountain  stream  about  ()  miles  from  the  town,  has  bi 
allowed  to  fall  into  bad  repair  with  the  perfection  of  the  filtration  plant  on  the  river. 
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Fidd  aamiyt  of  water  fnm  Mannington  and  Morganioumf  W.  Va. 
[  Parts  per  million.] 


Determlnatioii. 


Mannington. 

City 
supply. 

Buffalo 
Creek. 

0 

386 

17 

(«) 

.5 

0 

52 
63 

70 

163 

47 

»20 

0 

24 

19 

Morgan- 
town, 
dty  sup- 
ply. 


urbldity 

olor 

pon  (Fc) 

ildum  (Ca) 

'oul  hardness  (as  CaCOs) 

ilksllnlty 

lolphates  (SO«) 

Iilorides  (CI) 


0 

g6 

1 

Trace. 
35 
20 
0 
14 


a  Too  high  to  read. 


h  Estimated. 


For  industrial  purposes  requiring  a  water  free  from  any  acid  content  this  water  might  not 
)rove  satisfactory  at  certain  seasons  on  account  of  the  mine  drainage  emptying  into  the 
itream.    Otherwise  it  is  of  good  quality,  very  suitable  for  a  public  supply. 

CHEAT  RIVER. 

At  Point  Marion,  Pa.,  Monongahela  River  teceives  its  great  tributary,  the  Cheat.  This 
ine  stream  flows  for  much  of  its  length  through  a  deep  canyon  in  rough  country,  having 
iliDost  no  population  on  the  watershed.  There  are  but  three  important  villages  on  the 
itream,  none  of  them  having  over  800  people.  The  pollution  from  these  is  very  slight, 
lODe  of  the  towns  being  sewered,  so  that  the  most  serious  contamination  in  from  the  saw- 
oills  and  tanneries  on  the  river.  A  profile  of  Cheat  River  is  shown  on  PI.  Ill,  page  30. 
Shavers  Fork  and  Dry  Fork,  which  unite  to  form  Cheat  River,  at  Parsons,  carry  waters  of 
jood  quality  which  differ  only  in  the  trace  of  sulphate  in  that  of  the  former.  (Assays  on 
>•  40.)  The  higher  color  of  Dry  Fork  is  due  to  tannery  pollution,  which  persists  in  the 
oain  stream  a  mile  or  two  lower  down,  as  is  shown  in  its  equally  high  color.  Both  the  color 
Ad  the  sulphur-trioxide  content  diminish  markedly  in  the  course  of  the  flow  to  Rowles- 
^,  about  20  miles  down  the  river,  and  in  this  stretch  there  is  also  a  slight  temporary 
bnbution  of  the  alkalinity.    (See  assay  on  p.  40.) 

PanofUf  W.  Va. — At  Parsons  (population  600), at  the  junction  of  Shavers  Fork  and  Dry 
^ork,  there  are  two  tanneries,  the  effluents  from  which  stain  the  water  perceptibly.  Saw- 
^  are  located  at  various  points  along  the  stream,  but,  as  the  merchantable  timber  will 
■ooQ  be  gone,  pollution  from  these  may  be  regarded  as  only  temporary.  In  its  present  state 
^e  water  of  the  river  is  exceptionally  fine,  not  greatly  contaminated  b^  sewage,  and  the 
low  is  sufficient  to  supply  a  million  people.  A  field  assay  is  given  on  page  40.  The  draw- 
•ck  to  its  use,  however,  lies  in  the  extremely  steep  grade  of  the  stream,  which  is  shown  on 
he  profile  sheet.  The  very  rapid  fall  evidently  makes  self-purification  almost  impossible, 
nd  it  is  by  no  means  improbable  that  typhoid  fever  contamination  far  up  on  the  head- 
waters of  the  stream  may  be  delivered  in  virulent  form  at  points  as  far  down  as  its  mouth, 
r  even  in  Monongahela  River  itself. 

TvnndUm,  W.  Va. — ^The  divide  between  the  Cheat  and  the  Youghiogheny  is  very  narrow 
the  highest  point,  which  is  Tunnelton,  W.  Va.,  a  village  of  about  500  inhabitants.  There 
practically  no  permanent  water  supply  here;  the  supplies  are  derived  from  individual, 
ills  not  over  SO  feet  in  depth,  nearly  all  of  which  dry  up  in  spells  of  drought.  Much  money 
s  been  expended  by  the  coal  company  in  boring  for  water,  without  success;  and  it  may 
t  be  necessary  to  pump  from  the  river,  costly  as  such  an  expedient  may  be. 
The  well  assayed  (p.  41)  furnishes  water  longer  than  the  majority  in  dry  times.  The 
iter  is  of  very  poor  quality  for  any  purpose  except  drinking.    The  very  low  alkalinil^^ 
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would  indicate  that  the  calcium  present  occurs  as  calcium  sulphate  and  chloride,  with  nmi- 
lar  salts  uf  magnesium,  and  probably  very  little  alkaline  salt. 

Point  Marion,  ^a. — Point  Marion  (population  about  600)  has  diverted  a  small  portioQ 
of  the  flow  of  Cheat  River  into  an  earth  reservoir  some  miles  above,  holding  about  l/)OOjOOO 
gallons.  At  Point  Marion  the  mineral  content  of  the  water  is  practically  the  same  as  tt 
Parsons,  GO  miles  upstream.  The  water  i.s  of  excellent  quality  for  all  industrial  purpom. 
The  daily  consumption  is  alx)ut  60,000  gallons,  of  which  half  is  used  by  the  Baltimore  ud 
Ohio  Railroad  Company.  Figures  as  to  typhoid  fever  are  available  for  only  two  yean,  but 
their  evidence  is  strong  as  to  the  unhealthfulness  of  the  raw  water. 

Typhoid  morialiiy  at  Point  Marion,  Pa. 


Year. 


1900. 


Popula- 
tion. 


MO 
575 


Total 
deaths. 


I  Typhoid  I  Typhoid 
I    caaos.    I  death*. 


5l 
15  i 


The  significance  of  these  figures  will  l)e  understood  from  the  fact  that  in  Allegheny  CSty 
there  were,  in  1899,  895  cases  of  typhoid  fever  reported,  the  population  by  the  census  of 
1900  l)eing  129,000;  in  otlier  words,  0.7  per  cent  of  the  population  contracted  the  diseiK 
in  one  of  the  worst  typhoid  plague  spots  in  the  world,  while  here  in  Point  Marion  in  1899 
0.8  per  cent  of  the  whole  population  and  in  1900  2.6  percent  were  ill  with  typhoid  fever. 
The  evidence  is  strong  that  the  infection  was  general.  Such  conditions  are  usually  chaigft' 
able  to  the  quality  of  the  water  and  seem  to  settle  the  class  in  which  raw  Cheat  River  wat«f 
Mongs,  as  the  public  supply  is  widely  used.  Incidentally,  the  figures  are  important  in 
further  suggesting  that  rivers  with  such  a  high  rate  of  flow  as  the  Cheat,  and  with  such  a 
quick-spilling  watershed,  do  not  purify  themselves  appreciably  in  their  courses — in  this  case 
about  60  miles. 

Fiehl  asmyit  of  water  from  Cheat  River  basin. 
[Parts  per  million.] 


Cheat    !    Cheat 


J>otorinii)ution. 


Drj'     '  Shaver  '    Cheat      i>Y°;?L    Rivlflt: 
E-'ork  at  .  Fork  at  |  River  at   5*  wfi*  I  ^pJ^i^ 


Fork  at     ...„„.  , «.  — 

Parsons.   Parsons.  Parens. 


Turbidity 0 

Color [  lOf) 

Iron  (Fc) :.,  aO.5  I 

Calcium  (Ca) Trace.  > 

Total  banlncss  (as  CaC().{) 3.t      ' 

Alkalinity r.      ' 

Sulphatos  (SO3) 0 

Chlorides  (CI) y 

'1  K.miniattNl. 


til  I 

1  I 


0 
106 
0.8 


0*20 
0 


32 

19 

a20 

9 


Rowles-  I    Point 
burg.    '  Marion. 

I 


0 
60 
1.5 


0 

78 


1 


35 

14 

(*) 

14 


I 


35 
22 


(») 


fc  Very  slight  trace. 
M()NC)N(JAIIEI,A    RIVKH    FUO.M   CHEAT   KIVER   TO   YOrCJIIKKJIIENY   RIVER. 

Wlicro  Cheat  Rivor  outers  the  Monongahela,  at  Point  Marion,  the  difTerence  in  the  clear- 
ncss  of  the  waters  i>f  the  two  streams  i.s  strongly  marked,  a  sharply  defined  line  appearing 
rijijht  uero.ss  tlio  mouth  of  the  streaiii  where  the  clear  water  of  the  Cheat  meets  the  muddy 
yellow  water  of  the  main  stream.  From  this  point  on  to  Greensl)oro,  Pa.,  a  distance  of 
jM'rhaps  12  miles,  the  steep  .slopes  of  the  tributan'  .stn'ams  (juickly  disappear,  until  the 
Monoiit^ahela  Hiver  liecomes  practically  a  series  of  slack-water  basins,  extending  from 
CireenslK)ro  to  Pittsbui^g. 
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UT^,  Pa, — ^Wajnesburg,  with  a  population  of  about  2,500,  is  at  such  a  distance 
Qgahela  River,  about  22  miles,  as  to  make  its  drainage  of  slight  importance  in 
CD  of  that  stream. 

mechanically  filtered  supply  from  Tenmile  Creek,  pumped  to  a  distributing  res- 
the  company  is  now  improving  the  plant,  placing  fresh  sand  and  gravel.  The 
ry  hard  for  a  surface  supply,  and  is  unsuitable  for  laundry  or  industrial  uses, 
below.)  Although  few  figures  concerning  typhoid  fever  are  available,  those 
'  show  that  in  the  main  the  filters  have  been  a  protection  in  the  past: 


Typhoid  morttdily  at  Wayneshurg,  Pa. 

Year. 

Total 
deaths. 

Typhoid 
cases. 

''^^ 

7 
27 

1 
4 
8 

\ 

4 



37 

1 

es  for  1895  show  a  general  infection,  possibly  traceable  to  the  water  supplj^. 
se,  Pa. — The  borough  of  Fairchance  (population  1,200),  situated  between  Monon 
Youghiogheny  rivers,  drains  into  a  small  creek  emptying  into  the  Monongahela 
public  supply,  water  being  drawn  from  individual  wells  of  the  kind  noted  below 
contribution  to  the  drainage  is  not  innocuous.  Records  of  typhoid-fever  mor- 
vailable  for  this  place  only  for  1896  and  1897,  but  they  show  a  grave  situation 

Typhoid  mortality  at  Fairchance,  Pa. 


Year. 


Total    I  Typhoid   Typhoid 
deaths.      cases.       deaths. 


es  for  1896  point  to  either  a  general  infection  from  one  source  or  a  general  us<* 
>m  contaminated  wells.  The  drainage  from  a  town  with  such  a  record  of  typhoid 
Eunly  can  not  improve  the  quality  of  any  water. 

Field  assays  of  water  in  Monongahela  basin. 
t Parts  per  million,] 


Determination. 


^"tSS      iwaynes- 
^r^°'^     burg,  Pa., 

^•eii.  1 8"pp»y- 


I  (asCaCOi). 


O*). 
).-. 


0  I 

11  I 

Trace.  ; 

179  I 

130+  I 

10  i 

106  , 

70 


I 


0 
35 
Trace. 
81 

130+ 
97 
alO 
5.6 


Fairchance,  Pa. 


39-foot  I   ^tnl?* 
well         J% 


a  Estimated. 
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Both  the  Fairchance  waters  are  hard  rock  waters,  unfit  for  laundiy  uae.  The  cartM 
of  the  77'foot  well  are  probably  those  of  magnesium  or  the  alkalies.  If  properly 
either  one  would  make  a  good  drinking  water,  in  spite  of  the  red  deposit  formed  1 
oxidation  of  the  iron  a  few  hours  after  the  water  is  drawn. 

UniorUown,  Pa. — The  city  of  Uniontown,  Pa.  (population  10,000),  has  a  gravity  i 
from  large  mountain  springs.  The  water  is  of  excellent  quality  and  suitable  for  ao 
pose  (see  assay  on  p.  44),  but  the  supply  proves  entirely  inadequate  as  soon  as  the  a 
drought  sets  in.  In  1904  the  necessities  of  the  town  were  so  urgent  that  arrangemec 
to  be  made  at  considerable  cost  with  the  water  system  of  the  H.  C.  Frick  Coal  am 
Company,  which  has  laige  coking  plants  here,  by  which  the  water  consumers  oou 
over  the  summer. 

An  adequate  supply  for  Uniontown  must  necessarily  come  from  either  Cheat  R; 
Youghiogheny  River,  the  use  of  ground  water  being  out  of  the  question.  Assays  of 
from  wells  sunk  to  various  depths  at  Fairchance  and  Dunbar  show  that  ground  water 
section  is  undesirable  for  public  supply  where  surface  waters  can  be  had.  PHmipinj 
either  river  would  involve  considerable  expense  for  pipe  line  and  machinery.  Cheat 
would  always  furnish  an  adequate  supply,  as  shown  by  the  following  table  of  flow:  a 

Estimated  monthly  tlijtcharge  of  Cheat  River  near  Uneva^  W.  Va. 
[Drainage  area.  1,375  square  miles.] 


July 

August 

September. 

October 

November. 
December . . 


July 

August 

September. 

October 

November . 
December . . 


Month. 


Discharge  in  seeond-feet. 


Maximum. 


Minimum. 


2,232  I 
3,210  I 
46.')  I 
3,070 
fi,442 


4,610 
l,9o6 
730 
730 
3,070 
7,270 


357 
404 
273 
538 
1,000 

7:« 

273 
190 
190 
273 

i,i;» 


1,370 

024 

952 

336 

1,732 

2,387 


1,888 
614 
254 
340 
903 

2,682 


Run-off. 


Second-feet 

per  square 

mile. 


1.00 
.67 
.69 
.24 
1.26 
1.74 


1.37 
.45 
.18 
.25 
.66 

1.95 


D« 
inc] 
dn 


I 


Afwuming  that  the  number  of  people  to  1h>  pmvidod  for  is  50,000  and  that  the  averaj 
sumption  is  100  gallons  a  day,  tlie  amount  needed  would  be  5,000,000  gallons  a  day 
foregoing  table  shows  that  the  lowest  actual  flow  recorded  is  190  cubic  feet  per  sec 
September,  1900.  This  would  amount  to  122,735,574  gallons  a  day,  an  amount  su: 
to  supply  Uniontown  many  times  over. 

It  would  be  well  if  Cheat  Kiver  could  l>e  diverted  for  this  purpose  at  such  an  elc 
as  to  give  a  gravity  supply,  but  such  diversion  is  impracticable  at  a  reasonable  cos 
would  he  necessary  to  take  water  out  no  nearer  to  Uniontown  than  Kingwood,  a  dist 
about  -10  miles,  and  as  the  river  runs  through  a  deep  ravine  it  would  be  necessary  U 
the  pip(^  line  do^Tistream  nearly  to  the  Monongahela,  doubling  its  cost.  Another  i 
involves  pumping  the  water  up  several  hundred  feet  before  starting  it  across  count 

a  Water-Sup.  and  Irr.  Paper  No.  75,  U.  S.  Geol.  Survey. 
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diorter  pipe  line.  The  former  plan  seems  out  of  the  question,  owing  to  the  great  distance 
to  be  traversed  and  the  consequent  great  expense;  but  if  pumping  is  to  be  resorted  to,  it  is 
not  necessary  to  make  the  diversion  at  a  point  so  far  up  the  river.  The  topographic  sheets 
isued  by  the  U.  S.  Geological  Survey  show  that  the  shorter  line  would  begin  near  Cheat- 
liaven,  where  the  elevation  at  the  bank  of  the  river  is  about  800  feet  above  sea  level.  The 
bin  immediately  southeast  of  Cheathaven  rises  to  an  elevation  of  about  1,130  feet,  so  that 
»  reservoir  on  this  hill  could  be  filled  by  pumping  about  390  feet.  From  Cheathaven  the 
fine  would  go  15  miles  northeastward  across  the  country,  approximately  parallel  to  the  line 
of  the  Baltimore  and  Ohio  Railroad.  It  can  be  kept  below  the  1,100-foot  contour  without 
tunoeling  except  at  two  points — the  first  at  Outcrop,  where  the  line  cuts  through  the  ridge 
for  1,500  feet;  the  second  about  4  miles  from  Uniontown,  where  a  tunnel  three-quarters  of 
a  mile  long  would  have  to  be  built  through  the  rise  at  that  point.  The  rest  of  the  line  seems 
to  present  no  notable  difficulties,  the  greater  part  of  the  town  lying  under  the  1,000-foot 
ooDtoiir. 

If  Cheat  River  were  uncontaminated,  the  above  would  perhaps  be  the  ideal  plan,  but  in 
view  of  the  figures  as  to  typhoid  fever  at  Point  Marion,  it  is  evident  that  this  water  would 
ather  have  to  be  filtered  or  sedimented  with  great  care.  Sedimentation  might  not  be 
completely  efficacious,  as  is  shown  below,  and  if  filtration  is  to  be  resorted  to  in  addition  to 
tbe  pipe  line  the  cost  is  prohibitive.  The  alternative  seems  to  be  to  arrange  for  the  use  of 
filtered  Youghiogheny  water  from  CbnneUsville.  It  seems  improbable  that  Indian  Creek 
water  from  the  new  pipe  line  under  construction  by  the  American  Pipe  Manufacturing  Com- 
pany for  private  interests  will  be  available  for  Uniontown.  The  work  consists  of  a  rubble 
masonry  and  concrete  dam  on  Indian  Creek  about  4  miles  upstream  from  the  railroad  sta- 
tion of  that  name.  The  dam  is  located  just  below  the  mouth  of  Mill  Run,  where  the  drain- 
age area  of  the  two  streams  is  about  109  square  miles.  The  structure  impounds  about 
250,000,000  gallons.  The  36-inch  supply  pipe  runs  down  to  the  Baltimore  and  Ohio  Rail- 
road and  follows  it  to  Connellsville,  where  there  is  a  10,000,000-gallon  distributing  reser\'oir. 
From  that  point  a  30-inch  pipe  goes  to  Everson  and  thence  to  Radcbaugh  Junction  via 
County  Home  Junction.  Thence  it  extends  toward  Pittsburg,  its  terminus  not  yet  being 
<fccided  on.  There  is  a  distributing  reservoir  at  Hawkeyc  (capacity,  13,000,000  gallons), 
one  at  Youngwood  (capacity,  1,000,000  gallons),  and  one  at  Radebaugh  Junction  (capacity, 
8^,000  gallons). 

The  water  of  Indian  Creek,  as  will  be  seen  later,  is  excellent.  Extension  of  this  line  from 
Connellsville  to  Uniontown,  if  practicable,  would  solve  the  question  of  that  city's  water  sup- 
ply most  satisfactorily,  as  the  Indian  Creek  drainage  basin  could  be  patrolled  at  very  little 
expense,  there  being  little  pollution  on  the  banks  of  the  stream. 

Greensboro  to  MorumgahdajPa. — Between  Greensboro  and  Monongahela  a  largo  and  dense 
population  takes  its  water  unpurified  from  Monongahela  River.  Brownsville,  which  pumps 
^  river  water  raw,  is  only  15  miles  above  Charleroi.  Between  these  towns  the  river  receives 
^e  sewage  of  Brownsville,  with  about  1,800  population;  Bridgeport,  with  2,000;  West 
Brownsville,  with  about  1,000;  California,  2,500;  Coal  Center,  1,000;  Stockdale,  1,000; 
^•yette  City,  2,000,  and  Bellevemon,  2,000,  besides  that  of  a  number  of  smaller  communi- 
**^f  •ggregating  not  far  from  15,000  people.  Charleroi  is  drinking  this  dilute  sewage  raw. 
Its  own  population  is  about  7,000.  Monessen,  below  it,  has  a  population  of  about  2,500, 
uid  a  dozen  smaller  places  are  scattered  along  the  stream,  so  that  at  Monongahela  the  water 
contains  the  sewage  from  about  26,000  persons. 

Typhoid  fever  mortality  statistics  for  Charleroi  are  too  meager  to  be  of  use.  The  few 
a?ailable  for  Monessen  show  a  state  of  affairs  sucli  as  might  be  expected.  Every  case  visited 
by  the  medical  inspector  of  Washington  County  in  Monessen  was  traceable  to  the  use  of 
river  water. 
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Typhoid  moridliiy  at  Monessen,  Pa. 


Year. 


Total 
deaths. 


1899 

1 

1900 

_  J          .m 

1901 '             fiO 

1902 

1             75 

Typhoid  Typ 


Even  if  a  number  of  these  cases  were  foreign,  conditions  here  are  very  bad.  So  li 
percentage  of  mortality  from  typhoid  fever  means  that  the  town  has  a  highly  contamii 
water  supply. 

The  conditions  in  all  of  these  towns  arc  bad;  each  one  pumps  its  water  supply  froi 
stream  raw  and  pours  it^  sewage  back  into  the  stream  for  the  next  town  below  to  pum] 
its  mains.  The  sole  protection  of  the  consumers  is  the  natural  purification  taking  pli 
the  river. 

MonongaheUif  Pa. — At  Monongahela,  10  miles  below  Charleroi,  the  supply  is  pu 
from  a  filter  well  on  the  shore  of  the  river,  about  100  feet  below  low-water  mark.  The 
ficiency  of  such  a  form  of  purification  is  shown  on  p.  55,  and  the  water  from  the  filte 
here  is  so  turbid  as  to  show  that  it  is  coming  from  the  river  practically  without  ch 

Field  asmys  of  water  of  Mononyahela  River  at  Brownsville  and  Morumgahela  and  of  \ 

woler  ai  Uniontown,  Pa. 

[Parts  per  million.] 


Determination 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCOj^ . 

Alkalinity 

Sulphates  (SOa) 

Chlorides  (CI 


Monongahela 
River. 

BrowDs- 
vllle. 

Monon- 
gahela. 

a  10 

<i30 

180 

250 

.5 

1 

46 

44 

46.0 

49 

27.6 

24.9 

31 

38 

9 

6.5 

«  F'stimated. 

The  sulphates  shown  in  the  Monongahela  Kiver  assays  are  due  to  drainage  from  mint 
wells  along  the  stream,  which  contribute  a  little  ferrous  sulphate  and  at  times  a  small 
tity  of  free  sulphuric  acid.  The  extremely  high  color  is  also  due  in  part  to  this  caus 
chiefly  results  from  the  large  amount  of  sewage  in  the  stream,  which  makes  it  practic 
styptic  tank.  So  far  as  mineral  contents  go,  this  is  a  very  fair  water  for  boiler  purpos* 
diHiculty  being  with  the  varying  amount  of  corrosive  acid  and  sulphate  appearing  : 
water  at  different  times. 

•         YOUGlIIOr.nENY    KIVEK   BASIN. 

The  Youghiogheny  does  not  carry  .so  much  water  as  the  Cheat,  but  it  is,  neverthe 
stream  of  great  importance,  l)ecausi>  of  the  \&rgv.  population  in  its  drainage  area.  Its  t 
is  in  the  mountains  of  Maryland,  whence  it  flows  northward  as  far  as  Confluence,  wh< 
principal  tributary,  Casselman  River,  ent<^rs.  Up  to  this  point  the  drainage  area  com 
only  chiefl\"  rural  communities  and  the  two  small  Maryland  towns  of  Terra  Alta  and 
land,  the  former  with  a  population  of  alx)ut  800,  the  latter  with  about  1,000.  A  pro 
the  river  is  shown  on  PI.  Ill,  page  30. 
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YOUGUIOGHKNY  RIVER   ABOVE  CAS8ELMAN  RIVER. 

i,  Md. — Oakland  is  built  along  Little  Youghiogheny  River,  and  drains  directly  into 
B  is  no  public  supply,  most  of  the  stores  and  some  dwellings  getting  water  from 
OfTut  wells,  pumped  by  the  principal  merchants  in  the  town.  The  water  is  too 
ineral  content  for  industrial  uses,  for  which  the  Youghiogheny  water  is  much  better. 

Field  asaay  ofwaierfrom  Oaklandt  Md, 
[Parts  per  million.] 


Determination. 


;»). 


I  (as  CaCOi) . 


(SO,). 

:ci)... 


a  Estimated. 


tWater  very  faintly  acid. 


Fut  water,  or  quasi-public  supply,  is  a  typical  hard  well  water  from  the  rock.  Its 
ly  purpose  but  drinking  would  lead  to  trouble,  unless  treatment  were  resorted  to. 
foot  well  at  the  Oakland  Hotel  apparently  contains  considerable  magnesium  car- 
be  total  hardness  being  high,  with  calcium  too  small  to  be  determined  by  field  meth- 
e  identical  chlorine  content  is  interesting. 

>ughiogheny  water  is  very  pure  and  soft,  but  even  up  here  near  the  source  of  the 
le  acid  of  the  mine  wastes  is  determinable. 

Uta,  Md. — ^Terra  Alta  has  a  supply  of  a  similar  nature,  derived  from  a  deep  well  at 
ag  mill.  The  water  seems  too  high  in  incrusting  solids  to  be  best  for  boiler  use.  A 
i  city  supply  could  be  drawn  from  Terra  Alta  Lake,  about  2  miles  from  the  town,  a 
rater  covering  several  acres,  whose  shores  could  be  patrolled  very  easily.  This  lake, 
\  Snowy  Creek,  drains  into  the  Youghiogheny,  which  carries  more  or  less  drainage 
icent  farms.     Analysis  of  the  waters  of  the  lake  and  creek  are  given  below. 

Field  assays  ofwaierfrom  Terra  AUa,  Md. 

[Farts  per  million.] 


a  Estimated 
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The  public  supply  is  at  present  piped  to  but  twelve  places,  but  the  quantity  of  water  ii 
sufficient  for  many  more.  The  two  surface  waters  would  undoubtedly  be  better,  howefer, 
on  account  of  their  softness,  if  suitable  measures  could  be  enforced  to  keep  pollution  out  of 
them.  The  high  color  of  the  lake  wat^r  is  probably  due  to  vegetable  mr.tter  in  solution,  the 
drainage  area  being  well  covered,  The  creek  is  a  very  small  stream,  flowing  little  water  io 
the  summer,  so  that  storage  would  be  necessary  if  it  were  used  for  public  supply. 

Addison  and  Somerfield,  Pa. — From  Terra  Alta  to  Confluence,  a  distance  of  nearly  40 
miles,  the  population  is  very  scanty,  the  chief  pollution  of  the  stream  being  from  miu 
waters.  Several  small  villages  drain  into  the  main  stream,  the  most  important  being  Addi- 
son and  Somerfield.  At  neither  place  is  there  a  public  supply,  water  being  obtained  from 
individual  wells.  Addison  is  abdbt  4  miles  from  the  river  and  has  a  population  of  about  300, 
that  of  Somerfield  bei  ng  the  same . 

Field  assays  of  water  from  Addison  and  Somerfieldt  Pa, 

[Parts  per  million.] 


Determination. 


Turbidity. 
Color 


Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCOj) . 

Allcalinity 

Sulphates  (SOj) 

Chlorides  (CD 


TO-tool 

well. 

Addison 


17 

0 

130 

139+ 

45 

25 

70 


well,       "^ 
^^^-  ^t  Sonet- 
I    field. 


field. 


0 
74 

2.5 
88 

130+ 
95 
15 

9 


(•) 


0 

IS 
0 
9 


a  Slight  trace. 

Both  those  wells  furnish  typical  hard  rwk  water,  unsuitable  for  laundry  or  boiler  uses,  io 
quantity  too  small  to  b<'  of  importance  except  for  private  supplies.  The  sample  of  river  wa' 
ter  analyzed  was  taken  below  the  National  Pike  bridge,  about  100  yards  below  the  mouth  of » 
small  crook.  Tho  acidity  found  at  Oakland  is  not  present  at  this  point,  the  mineral  content^ 
of  the  stream  being  precisely  similar  to  those  of  tho  West  Vii^nia  mountain  stream  waters 
and  of  the  spring  waters  considered  below.  The  alkalinity  is  important  in  connection  with 
tho  later  discussion  of  the  germicidal  influence  of  acid  drainage,  as  it  shows  that  the  influ^ 
ence  of  the  acid  does  not  extend  far. 


<  ASSELMAN     RIVER. 


Cosselman  River,  a  typical  mountain  stream  with  an  exceedingly  swift  current,  drains  a 
great  deal  of  coal  country,  so  that  it,s  wttt<*rs  are  nearly  always  stained  a  bright  yellow  with 
mine  drainage.  The  drainage  area  is  not  densely  populated,  but  along  the  course  of  the 
stream  there  are  many  little  villages  and  coal-mining  camps,  so  that  in  the  aggregate  the 
drainage  is  a  serious  factor.  The  water  supplies  of  tho  small  communities  at  the  headwaters 
are  all  derived  from  springs,  though  many  people  use  individual  wells. 
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Fidd  aamys  of  waters  in  upper  Cassdman  River  basin, 
[  Parts  per  million.] 


Determination. 


Elk  Lick 
well. 


(C*) 

rdneas  (aa  CaCO,) . 

y 

9(S0,) 

»(C1) 


0 
45 

92 

132 

68 

0 

19 


Elk  Lick 
Spring. 


Boynton 
Spring. 


0 

22 

Trace. 

0 
35 
12 

0 
14 


Flaugherty 
Creek  at 
Keystone 
Junction. 


0 
36 


(•) 


16 
0 
9 


o  Slight  trace. 

^i£rty  Creek  at  Keystone  Junction^  Pa. — Flaugherty  Creek,  which  enters  Casseknan 
t  Keystone  Junction ,  above  Meyersdale,  presents  a  typical  normal  water  of  this 
soft  and  pure.  It  is  a  very  rapid  little  stream,  draining  an  area  having  but  little 
ion.  Nearly  all  the  inhabitants,  however,  chiefly  coal  miners,  are  collected  along 
k,  and  all  their  wastes  go  into  the  stream  sooner  or  later.  This  section  is  rich  m 
of  the  type  shown,  and  a  group  of  these  may  yield  enough  water  to  supply  2,000  or 
H>ple,  as  at  Meyersdale. 

rsdale.  Pa. — This  town,  with  a  population  of  about  3,000,  has  a  gravity  supply  from 
j-fed  reservoir  in  the  hills  about  5  miles  distant.  The  water  is  piped  to  near-by 
,  supplying  in  all  about  4,000  people,  and  until  recently,  in  seasons  of  drought, 
sufficient  in  quantity.    It  is  probably  as  free  from  contained  solids  as  any  natural 

Field  assays  of  waters  from  Meyersdale  f  Pa. 
I  Parts  per  million.] 


Determination. 


Casselman 
Public  Rivera 

supi  ly  at        miles 
Meyersdale.     south  of 
Meyersdale. 


y 

) 

(Ca) 

rdneas  (as  CaCOg) 

y 

8(80,) 

•(CI) 


a2 
122 
a5 

0 
91 

7 

O20 

19 


a  Estimated. 

jvident  from  several  points  in  the  assay  that  Casselman  River  receives  much  mine 
3  up  to  this  point.  The  lack  of  calcium  would  indicate  the  presence  of  magnesium, 
Jinity  being  so  low  as  to  make  the  presence  of  any  great  quantity  of  alkaline  car- 
improbable.  The  low  alkalinity  and  the  trace  of  sulphates  point  to  the  partial 
sation  of  the  alkalinity  of  the  uni>olluted  water  by  ferrous  sulphate  and  free  suf- 
icid  from  the  mines.  The  small  iron  content  indicates  that  the  sulphate  pollution 
>rincii>ally  from  free  acid. 
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Meyergdah  to  Confluence ,  Pa.— Between  Myersdak  and  Confluence  are  sevend  ananTi- 
lagcs,  none  having  public  supplies  but  Berlin  and  Garrett.  The  analyses  subjoined  ihnr 
that  the  quality  of  normal  waters  here  is  excellent.    They  are  characteristic  of  thitaedioi. 

Field  assays  of  waters  collected  between  Meyersdale  and  Ccnjluenee,  Pa. 
[  Parts  per  million.] 


Determination. 


Laurel  I 

Creek 

near 

nays 

Mill. 


Public  '   Public 

'  Bupply,    supply, 

Garrett  i   ncrlin 


Turbidity. 
Color 


I 


0 

Iron  (Fe) '  Trace. 

Calcium  (Ca) \  0 

Total  hardness  (as  CaCOg )         35 

Alkalinity I        20 

Sulphates  (SO3) j  0 

Chlorides  (CI) j  9 


I  Spring 

at 
Markle- 
[spring.)' (spring.)     ton. 


Slight.  I 

122  ; 

0' 

0  ' 

42! 
17  I 

oi 


0| 
22 


(*) 


0| 

28, 

15  I 
0  , 


Spring 
at 


Urslna.  '^*"**- 
^"*"^   man. 


0 
22 

0 
70 
132 
80 
20 
14 


18-foot 
«-eUat 


0 
22 
0 
107 
130 
28.5 
63 
40 


20-foot 
well  at 
Beach- 
dale. 


0 
17 


97 
44 

(*) 


30-foot  ^ 
well  it  ^X 

wood,  k^ 


5 
0 
162 
160 
29 
41 
181 


oj    (•) 


o  Decided. 


b  Estimated. 


c  Very  alight  trace. 

The  first  five  analyses  show  normal  spring  waters  of  excellent  quality  for  all  industriil 
purpos<'s.  The  high  color  of  the  Garrett  water  is  probably  due  to  a  foul  condition  of  tbc 
reser\'oir,  for  the  town  comprises  only  a  few  hundred  people  and  the  supply  is  left  to  tab 
care  of  itself  to  some  degree.  The  well  waters  are  too  hard  to  be  of  use  for  anything  W 
drinking.  Beachdale  is  a  mere  handful  of  coal-miners'  huta  and  a  few  farm  houses,  t^A 
Rockwood  is  a  village  of  ulnrnt  4(K),  with  no  public  supply.  The  Baltimore  and  OhioRtil- 
road  Coniptiiiy  pumps  Cussolman  Hiver  water  to  its  tank  at  Rockwood  for  boiler  uses, floP' 
plyinjr  it  to  a  ln)tcl  also.  The  assay  of  the  shallow  well  at  this  point  shows  the  neametfrf 
the  rock  to  the  surface,  the  chlorides  in  particular  being  unusually  high.  None  of  tbc* 
supplies  are  iinporlant  for  anything  but  private  us4*s,  except  perhaps  Coxes  Creek,  whid^ 
enters  tlie  Casselnian  at  Rockwood.  This  is  a  fine  stream,  flowing  through  a  lumber  coo»" 
try,  chips  and  sawdust  in  quantity  polluting  the  water.  The  spring  at  Markleton  is  piH 
to  the  sanitarium  at  that  point,  supplying  several  hundred  persons  in  the  summer.  Tbe 
Ursina  sprin<^  fills  a  l-ineh  iron  pipi*.  ^shing  out  under  a  .strong  head.  Casselnian  is  a  bUD' 
let  of  a  few  dozen  familii's,  all  water  supplies  being  either  springs  like  those  noted  or  indi- 
vidual wells. 

Confliiena ,  f*cz.--Tliis  town,  which  stands  at  the  confluence  of  Laurel  Creek,  CaaseUnii* 
River,  and  the  Youghiogheny ,  formerly  used  Laurel  Cnu'k  as  a  source  of  water  supply.  '1^ 
pollution  from  coal  mines  along  this  crtM'k,  however,  l)ccame  so  groat  that  a  new  source « 
supply  was  found  in  Drakes  Run,  an  exceptionally  pure  mountain  water  (see  assay  on  p.  49) 
rising  in  praetically  uninhabited  country  and  flowing  through  a  sparsley  populated  fanniDK 
si'ction.  The  town  has  alx)ut  l,r)(K)  people,  with  a  ver}-  large  tannery  located  on  therivfr- 
Th<»  town  sewage  as  well  as  the  tannery  refuse*  all  go  directly  into  the  stream. 

The  notabh*  thing  about  the  river  assay  at  this  point  (see  p.  49)  is  the  nearly  complete 
disappearance  of  the  mine  drainage,  the.only  traces  left  lx»ing  the  iron  content  and  thecofl^' 
paratively  low  alkalinity,  showing  that  the  acid  wastes  arc  not  considerable  enough  tokeef 
the  water  acid  more  than  a  short  distance  below  the  points  where  mine  drainage  enters. 

YOUGllIOGIIENV   RIVER    BELOW   lASSELMAN   RIVER. 

There  is  no  town  of  ov<t  a  few  hundred  population  between  Confluence  and  ConneUsviUe 
The  water  supply  between  these  points  is  derived  entirely  from  individual  wells,  auch  a 
thost'  at  Ohiopyle,  which  are  not  important  except  as  private  supplies  (see  assays  on  p.  49] 
The  water  of  the  ^foot  well  at  Ohiopyle  probably  contains  some  magnesium  carbonatf 
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rith  iron  probably  present  as  a  carbonate  also.  The  other  well  shows  a  remarkably  low 
ilkalinity  y  considering  its  hardness,  perhaps  due  to  the  carbonates  being  almost  entirely  those 
)f  the  incnisting  solids.  The  deeper  well  penetrates  the  sandstone,  the  shallower  one  only 
touching  the  top  of  the  rock. 

Indian  Creek,  Pa. — ^At  Indian  Creek  station  the  Youghiogheny  receives  its  large  tributary 
oi  that  name,  a  very  beautiful  and  relatively  unpolluted  stream  with  a  watershed  comprising 
about  125  square  miles.  This  creek  was  seriously  considered  for  Pittsbuig's  water  supply 
by  a  gravity  system,  the  quality  of  the  water  being  excellent.  The  report  of  Mr.  Kuichling 
on  Uie  plan  showed  an  estimated  first  cost  of  about  $13,000,000  for  storage  reservoir,  pipe 
0,  etc.,  as  compared  with  $2,000,000  or  $3,000,000  for  a  filtration  plant. 

Field  assarfs  ofwaUrsfrcm  Ccnfiuence,  Ohiopyle,  and  Indian  Creek. 
[Parts  per  raillion.] 


Determiiuition. 


Turbidity. 

Color 

Iron 


Confluence. 


_L 


Ohlopyle. 


City  sup- 
ply. 
Drakes 
Run. 


CiJdum 

Total  hftrdness. 

AlWlnity 

SolphAtes 

ChlorldM 


Cassel- 
man 
River. 


50-foot 
well  on 

north 
bnnkof 

river. 


(«) 


0 
0 
10 
0 
132 
50 
blO 
17 


10-foot 
well  on ' 

south 
bank  of 

river. 


0 
5 
0 
57 
132 
10 
15 
44 


Indian 
Creek. 


0 
17 
0 
0 
28 
13 
0 
9 


h  Estimated. 


<■  Slight  trace. 

This  assay  shows  that  Indian  Creek  is  a  spring  stream  carrying  pure  water  like  the 
Qomud  waters  shown  above. 

The  only  available  measurement  of  the  Youghiogheny  near  this  point  is  that  made 
during  the  drought  of  October,  1892,  by  Kenneth  Allen,  for  the  Frick  interests,  showing 
»  flow  of  106  cubic  feet  per  second.  By  taking  the  October  flow  of  Indian  Creek  at  15 
'«t,  it  may  therefore  be  said  that  the  Youghiogheny  at  the  very  driest  time  carries  not 
k«  than  about  120  cubic  feet  per  second,  while  during  floods  it  may  carry  2,500  cubic  feet 
per  second. 

ConruUsviUej  Pa. — Connellsville,  a  city  of  perhaps  9,000  people,  is  about  28  miles  below 
Confluence.  Its  water  supply  is  pumped  from  Youghiogheny  River  for  filtration  in  mechan- 
ical filters  of  the  Pittsburg  type.  The  plant  seems  to  be  efficiently  operated,  but  there  is 
i&ore  or  less  local  dissatisfaction  with  the  quality  of  the  water,  which  contains  a  strong  trace 
of  mine  drainage.  The  only  remedy  for  this  condition  is  a  new  source  of  supply.  The 
new  pipe  line  from  Indian  Creek,  mentioned  above,  may  remove  the  objection. 

Typhoid-fever  statistics  are  not  available  for  any  of  the  towns  of  this  section  except 
Connellsville,  and  even  there  only  for  a  few  years.  In  1894,  when  the  population  was 
5|629,  there  were  3  cases  and  1  death  reported  in  Connellsville  from  typhoid  fever;  in 
1885  there  were  5  deaths  from  this  cause;  in  1897,  out  of  a  total  mortality  of  71,  there 
»»8  1  death  from  typhoid,  with  6  cases:  in  1898  there  were  5  deaths  in  a  total  mortality 
^  104,  or  4.8  per  cent.  These  figures  are  too  meager  to  Ix^  of  much  value  except  to  show 
^  probable  presence  of  typhoid  bacilli  in  Connellsville  sewage,  which  finds  its  way  into 
the  Yougfaiogbeny. 

A  nmple  of  the  city  water  was  taken  from  a  hotel  tap,  and  it^^  assay  (p.  50)  shows 
th»t  the  mineral  impurities  in  the  river  have  greatly  increased.  The  lack  of  iron  and  the 
1  trace  of  sulphates  indicate  that  very  little  mine  drainage  enters  the  stream  here. 
IBR  161—06 4 
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On  account  of  the  use  of  coagulant  in  the  filters  it  is  likely  that  the  raw  river  water  is  t 
little  softer. 

From  this  point  down  to  Pittsbui^  the  population  is  dense,  towns  of  from  a  few  hundred 
to  a  thousand  people  dotting  either  shore  closely.  The  sewage  and  drainage  from  all  these 
places  goes  into  the  stream,  making  it  practically  a  sewer.  Ground  waters  are  of  poor 
quality  a  little  distance  away  from  the  stream,  as  is  shown  by  the  field  assay  (bebw)  tt 
Dunbar,  which  has  no  public  supply,  though  the  population  is  about  a  thousand.  Tliis  ii 
a  very  hard  water,  and  none  of  the  wells  give  a  very  abundant  supply.  This  town  could 
very  well  take  water  from  the  Connellsville-Uniontown  pipe  lino  suggested  above.  It 
drains  into  the  Youghiogheny  above  West  Newton. 

West  Newton,  Pa. — West  Newton  (population  about  2,500),  15  miles  below  Connelb- 
viUe,  uses  well  water  as  a  city  supply,  the  welb  being  owned  by  private  parties.  The  weJb 
are  190  feet  deep,  pumping  to  a  tank,  whence  the  taps  are  supplied  by  gravity.  The 
water  is  higher  in  color  than  it  should  be  for  a  deep  ground  water,  owing  probably  to 
fouling  in  the  tank  or  in  the  pipes.     A  field  a.ssay  of  the  wat«r  b  given  below. 

Tliis  is  a  remarkably  soft  water,  considering  the  depth  from  which  it  comes.  It  would 
not  bo  suitable  for  steam  making,  the  high  chlorides  being  very  corrosive.  Its  softness 
and  high  alkalinity  indicate  the  presence  of  carbonates  and  chlorides  of  the  alkalies  in 
large  quantity. 

If  care  is  used  in  casing  the  wells  this  supply  should  be  very  fair  for  drinking  and  domes- 
tic uses. 

The  few  typhoid-fever  statistics  available  for  this  town  indicate  that  many  of  its  peo- 
ple arc  drinking  water  from  individual  wells. 

Typhoid  mortality  at  West  Neition^  Pa. 


Total      Typhoid  ]Tvphoki 
d<>ath8.       cases.    >  deaths. 


18l»5. 
1»97. 
190(). 


30  1. 


It  is  evident  that  West  Xcwton  also  is  a  contributor  of  typhoid  drainage  to  Youghio- 
gheny Kivor. 

^fcKafi}H)rt.  Pa. — The  largest  city  on  the  Youghiogheny  is  McKecsport,  with  an  esti- 
mated [)<)puIation  in  1904  of  37,000.  Tlie  city  water  supply  is  the  worst  on  the  Youghio- 
glieny  watei-she<i.  It  is  a  mixture  of  two  waters  -raw  water  from  the  river  and  well  water 
from  wells  about  40  feet  deep.     Tiie  fiehl  assay  herewith  shows  the  quality  of  the  mixture: 

Field  asNoys'  of  ivater$  from  WtfH  Xeuion,  Dmiftar,  ConnelUrilUf  and  McKeespori. 

ITurts  ])or  million.] 


Dctorniination. 


Turbidity 

Color 

Iron  (Fo) 

Calcium  (Ca) 

Total  hardness  (as  Ca  COa). 

Alkalinity 

Sulphates  (SOa) 

Chlorides  (CI) 


West  N'ew 

I    ton,  I'.iO- 
foot  wells. 


0 

7K 

0 

;j8 

42 
3-10 


Dun  I 'a r, 

ll7-f<H)t 

iselKs. 


Youghiogheny  River. 


Connella-  I  MeKee»- 
vlUe.  port. 


132.  ;<  I 


0 

0 

(«) 

17 

22 

54 

Trace. 

0 

2 

110 

67 

126 

139  ! 

M 

K 

132  1 

22 

48.5 

5Q  . 

65 

106 

29  1 

9 

9.8 

o  Slightly  cloudy. 


t  E8tiI3l'lf4^d. 
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;km  of  the  river  water  by  the  pure  ground  water  is  insignificant  so  far  as  the 
B  of  the  supply  is  concerned,  the  mixture  being  analogous  to  seeding  a  pure 

sewage  bacteria,  a  process  that  produces  conditions  under  which,  as  is  well 
oiganisms  will  grow  faster  for  a  time  than  in  foul  water.  When  it  is  remem- 
in  many  of  the  towns  along  the  stream  there  is  always  some  tjrphoid  fever, 
lere  is  some  at  some  time  in  all,  it  is  difficult  to  imdenstand  how  an  American 

can  drink  such  disease-poUuted  water.  Furthermore,  the  river  valley  for 
dies  immediately  above  McKeesport  is  thickly  populated,  and  small  hamlets 
;ieAm  have  outhouses  along  the  banks,  so  that  a  trip  up  the  river  from  McKees- 
to  oonvinoe  the  most  skeptical,  by  the  evidence  of  their  eyes,  of  the  polluted 
f  the  supply.  These  facts  can  fortunately  be  supplemented  by  figures  showing 
rtality  at  McKeesport  for  many  years. 


Typhoid  morUdily  at  McKeesport^  Pa, 

Popula- 
tion. 

Total 
deaths. 

Typhoid 
cases. 

Typhoid 

deaths. 

Rate  per 
100,000. 

Year. 

Number. 

464 
454 
444 
537 
468 
528 
589 
684 
093 
799 

123 
63 
299 
144 
86 
100 
151 
315 
275 
262 
313 
324 

1 

8 
29 
13 

8 
15 
14 
23 
29 
30 
43 
48 

1 

43.8 

1 

40.9 

34,227 
35,576 
36,925 

67.3 

81.5 

81.2 

38,274  \           788 

112.3 

796 



eworthy  that  162  of  the  total  number  of  deaths  for  1904  from  violent  causes 
JO  per  cent.  If  this  ratio  were  not  so  high  the  typhoid  percentage  mortality 
ven  more  serious. 

he  death  rate  from  typhoid  fever  in  McKeesport  was  129  per  100,000  of  popula- 
cr  cent  of  the  total  mortality.  This  figure  is  enormously  high,  placing  McKees- 
\  same  class  with  Allegheny  and  Pittsburg  as  a  hotbed  of  water-borne  disease. 
;  city  of  Washington,  which  is  popularly  thought  to  be  a  center  of  this  disease,  the 
deaths  per  100,000  in  1904  was  only  47,  ypt  the  situation  there  was  considered  so 
►  necessitate  the  erection  of  a  filtration  plant.  McKeesport,  like  Pittsburg  and 
is  in  the  condition  of  having  a  continuous  epidemic  of  typhoid  fever.  The  highest 
from  this  disease  in  Lowell,  Mass.,  before  the  change  from  a  polluted  river  supply 
water,  was  112  in  100,000  from  1886  to  1890,  inclusive.  The  highest  recorded 
per  death  rate  for  Indianapolis  was  101  per  100,000  in  1895.  This  has  been  low- 
)y  year  to  56  per  100,000  in  1903,  winch  is  considered  so  high  as  to  necessitate  a 
the  source  of  supply.  Pittsburg,  whose  water  supply  from  Monongahela  and 
rivers  has  for  years  been  unsi>eakably  bad,  had  144  deaths  per  100,000  in  1900, 125 
4  in  1902,  and  139  in  1903.  Grand  Rapids,  Mich.,  which  has  been  very  seriously 
f  the  question  of  a  purer  water  supply  than  its  present  one,  has  from  31  to  51 
n  typhoid  fever  per  100,000  for  the  years  1899  to  1903,  inclusive.  It  is  evident 
esport  is  supplied  with  water  that  is  dangerous  and  in  no  sense  potable  or  fit  for 
yn  by  human  beings.  The  ground-water  supply  should  be  so  extended  as  to  fur- 
mt  for  the  needs  of  the  town,  or,  if  this  extension  is  impracticable,  Youghiogheny 
id  be  filtered.  Analyses  of  Youghiogheny  River  water  made  by  Pittsburg  engi- 
elied  upon  by  the  city  officials  to  prove  its  potability.     The  degree  of  confidence 
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which  may  be  placed  iii  them  may  bo  shown  by  a  comparison  of  the  dates  of  coUectun  ind 
analysis.  The  samples  were  collected  January  19,  Febniary  3  and  16,  and  March  3  and  31, 
1903.  Tlie  secretai*}'  of  the  local  lx)ard  of  health  states  over  his  signature  that  the  aniljM 
were  made  "alwut  April  and  May."  Therefore  all  the  determinations,  except  as  toinor 
ganic  constituents,  are  worthless,  for  the  cx)nditions  under  which  the  samples  were  kept  det»- 
mined  whether  the  organisms  would  increase  or  die  out.  There  may  have  been,  and  prob- 
ably were,  thousands  of  bacteria  in  the  samples  when  they  were  collected.  By  the  time  the 
samples  were  analyzed,  a  few  days  to  a  few  weeks  after  collection,  the  food  content  of  the 
medium  may  have  been  exhausted  and  the  organisms  very  naturally  died.  If  the  samplei 
had  been  kept  a  little  longer  there  would  probably  have  been  no  bacteria  at  all  left  in  them. 
To  be  of  value  bacteria  detenninations  should  bo  made  within  six  hours  after  collectioD  of 
the  samples. 

The  principal  claim  made  for  the  water  is  the  fact  that  it  contains  so  much  iron  and  sul- 
phuric acid  as  to  make  it  germicidal  to  bacteria.  The  purifying  action  of  the  iron  sulphate 
is  discussed  in  detail  under  the  heading  *^Self -Purification"  on  pages  69-73.  In  August, 
1905  (see  field  assay),  there  were  but  2  parts  per  million  of  iron  in  the  sample  taion, 
although  the  analyses  of  the  river  water  referred  to  show  12  to  44  parts  per  million.  Evi- 
dently, as  in  the  Monongahela  water,  the  coagulating  action  of  the  ferrous  sulphate  could  not 
be  relied  upon  to  go  on  regularly,  on  account  of  the  variation  in  the  amount  of  iron,  which 
sometimes  went  far  below  the  required  quantity. 

MONONOAHELA   KIVER   BELOW   YOUOniOGIIENY   RIVER. 

lielow  McKeesport  Monongahela  River  is  lined  on  both  banks  with  little  towns,  two  of 
which,  Braddock  and  Homestead,  have  a  population  exceeding  15,000.  .Although  the**  tw 
are  the  only  large  to\nis  along  the  river,  tiiere  are  so  many  smaller  ones  that  the  banks  present 
an  almost  continuous  succession  of  dwellings  and  mills.  All  of  these  drain  into  the  river,aoine 
of  them  by  modem  sewers.  The  drainage  of  a  number  of  towns  in  Westmoreland  County, 
chief  among  which  Is  Grecnsburg,  also  finds  its  way  into  the  stream  through  small  tribn- 
taries,  altliough  in  comparison  witli  the  direct  pollution  by  the  towns  noted  above,  tho« 
away  from  the  rivor  an»  negligible  so  far  as  sewage  is  concerned. 

Gneihslnmj,  Pa. — (ireensburg  (population  (),5()0)  has  a  gravity  supply  from  a  system  of 
impounding  reservoirs  on  Chestnut  Ridge  jind  Dry  Ridge,  having  a  capacity  of  75,000,000 
gallons,  the  daily  consumption  Iwing  from  1 ,700, (XX)  to  2, 0(X),000  gallons.  The  supply's 
siinilur  in  (juality  t«)  that  of  Bradford  and  Kane,  being  typical  mountain  spring  water.  An 
elFort  is  made  here  to  assure  safety  from  pollution  by  sanitary  inspection  of  the  watershed. 
The  company  owns  1,200  acres  of  land  on  the  two  main  drainage  areas,  covering  nearly  tl^ 
the  watershed  drawn  upon,  and  roo|)eratos  with  the  monastery  of  St.  Vincent,  which  owns 
one-third  of  llu'  entire  watershed,  in  guarding  tlie  drainage  area.  -;V11  dwellings  and  farm 
buildings  have  Wen  cleared  olF  and  an  arrangement  has  l)een  made  with  farmers  having 
holdings  around  the  drainajre  area  whereby  they  are  furnished  constable's  badges  and  at^ 
paid  $10  a  year  to  warn  tnvspassei-s  oil"  the  land.  This  plan  seems  to  work  well  and  has 
helped  to  crystallizo  pu})li<-  opinion  in  favor  of  a  pure  supply.  The  company  claims  to  be 
supplying  about  .'50,000  people  all  told,  including  (ireensburg,  Derry,  Jeanette,  Youngwoodi 
and  Lycippus. 

Fitld  (7.<f.sy/»/  (>f(TT(nij<hur(j  iraftr. 
[  I'arts  jx-r  inillioii.J 


Doterminution.  iH'tormination.         ,  L         Determination. 


Turl.idity 0    Color I         :t>      Iron 

(jilciuin ToIhI  hiirfJiiess I         2*2  ^    Alkalinity. 

Sulphates ,  0      Chlorides |  6  , 

i..         Jl I  _     I, 
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id-fever  statistics  for  Greensburg  are  too  meager  to  be  of  use. 
jck,  Pa. — Many  of  the  towns  along  the  banks  of  the  Monongahela  use  water  from 
eUs.  Others,  like  Braddock,  pump  the  river  water  raw.  The  danger  is  at  this  point 
it  disguised  by  "natural  filtration''  through  a  covered  well  20  by  20  feet,  situated 
^  feet  from  the  river.  A  drilled  well  about  40  feet  deep  in  the  bottom  of  the  large 
&wn  on  at  the  same  time.  From  the  facts  already  stated  it  is  evident  that  the  purity 
ell  water  will  by  no  means  diminish  the  toxicity  of  the  river  water.  The  work  of 
id  and  Klein  shows  that  disease  germs  may  live  longer  in  unpolluted  well  water  than 
e  water.  The  inefficiency  of  this  form  of  filtration  has  already  been  shown  (p.  54 
It  should  be  abandoned,  either  for  ground  water  or  proper  sand  filtration, 
oly  statistics  at  hand  to  show  typhoid-fever  mortality  at  Braddock  are  for  1900, 
a  population  of  15,654,  there  were  10  deaths  from  this  disease,  representing  prob- 
I  cases,  enough  to  show  that  in  that  year,  and  probably  in  others^  typhoid  fever  was 
i  in  the  town  to  a  dangerous  extent. 

ttead,  Pa. — With  regard  to  the  other  towns  on  Monongahela  River  above  Pittsburg, 
are  similar  as  to  what  they  take  from  the  river  and  what  they  put  back  into  it.  The 
I  Homestead,  with  about  15,000  inhabitants,  which,  after  years  of  costly  experience 
^oid  fever  resulting  from  drinking  raw  river  water,  is  filtering  Monongahela  River 
r  its  public  supply.  Its  own  sewage,  however,  stiU  pours  into  the  stream  for  the 
m  below  to  drink. 

SUMMARY  OP  OONDinONS   IN   MONONGAHELA   RIVER  BASIN. 

iscussion  of  conditions  on  the  Monongahela  above  McKeesport  has  shown  the  dan- 
laracter  of  the  water  of  that  stream  for  drinking  purposes;  the  discussion  of  Yough- 
River  drainage  shows  the  existence,  at  all  points  along  its  course  where  typhoid 
I  are  obtainable,  of  sewage  pollution  containing  the  germs  of  water-borne  disease. 
kUer  stream  flow  of  the  Toughiogheny  makes  dilution  of  the  contamination  to  any 
rjree  impossible,  and  its  high  rate  of  flow  over  most  of  its  course  puts  detention  out 
lestion  until  West  Newton  is  reached,  coincidently  with  a  great  increase  in  the  num- 
nters  of  population.  From  Oakland  to  West  Newton,  a  distance  of  approximately 
,  the  river  falls  1,591  feet,  with  a  slope  of  nearly  20  feet  to  the  mile.  The  discussion 
illegheny  and  Monongahela  drainage  areas  has  been  suflicient  to  show  that  the 
!ow  through  this  mountain  country,  with  a  fall  of  3J  feet  to  the  mile,  is  too  rapid  to 
ffective  sedimentation,  and  it  is  clear  that  the  high  grade  of  the  Youghioglieny 
annel  puts  purification  by  detention  out  of  the  question.  Oasselman  River,  carry- 
3wage  of  Meyersdale,  has  a  fall  of  about  600  feet  in  about  30  miles,  making,  roughly, 
20  feet  to  the  mile.  It  seems  evident  that  the  sewage  of  Meyersdale,  Confluence, 
nellsville  are  practically  unpu rifled  when  they  come  down  to  West  Newton.    On 

it  is  shown  that  self-purification  of  Illinois  River  Ls  not  complete  within  100 
the  source  of  the  pollution.  With  a  slope  about  seven  times  as  great,  the  Yough- 
above  McKeesport  is  expected  to  perfectly  purify,  by  one  agency  or  another, 
ge  of  about  20,000  people,  in  a  stream  flowing  sometimes  only  about  125  cubic  feet  of 
T  second,  or,  roughly,  7,500  cubic  feet  per  minute;  while  below  McKeesport,  with 
>w  slope,  there  is  a  population  of  approximately  100,000  to  take  care  of  with  about 
3  amount  of  water.  What  chance  is  there  for  complete  self-purification  in  Yough- 
River  in  the  15  miles  intervening  botwoeu  West  Newton  and  McKeesport? 

been  shown  in  the  discu.ssion  of  the  Cheat  River  drainage  that  even  so  compara- 
ipolluted  a  stream  may  and  docs  carry  typhoid  bacilli  down  from  remote  and  small 
di  pollution  to  breed  disease  in  a  large  proportion  of  the  population  drinking  the 

way  can  the  conclusion  be  escaped  tliat  water  from  Youghioglieny  River  used  raw 
igh  degree  dangerous  to  public  health.  The  claim  made  with  respect  to  the  germi- 
uence  of  mine  drainsCge  results  from  a  misapprehension  of  the  action  of  such  drain- 
lough  this  water  occasionally  carries  much  free  acid,  the  purifying  action,  such  as 
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it  is,  results  principaJiy  from  the  sedimentation  which  goes  on  through  the  ooag 
properties  of  the  calcium  in  the  water  and  the  ferrous  sulphate  cooiing  from  the 
This  action  is  fully  discussed  on  pages  65-73,  it  being  shown  that  even  when  most  e 
under  the  most  favorable  and  well-controlled  conditions,  such  purification  is  not  si 
by  itself  to  make  a  water  supply  reasonably  safe.  Finally,  if  the  mine  drainage  di 
ally  operate  to  free  the  water  of  pathogenic  oi^ganisms,  the  typhoid-^ever  death 
McKeesport,  where  this  water  is  drunk  freely  without  purification,  ought  to  ^ow  tl 
of  such  purification.  On  the  contrary,  as  the  figures  given  above  show,  the  oonditi< 
is  extremely  bad  and  the  death  rate  from  typhoid  fever  is  going  up. 

The  foregoing  discussion  of  the  Monongahela  watershed  shows  that  its  waters 
badly  contaminated  and  as  unfit  for  drinking  as  those  of  the  Allegheny. 

AGENCIES    COMMONLY    SUPPOSED    TO    COUNTERACT    Tl 
EFFECTS  OF  POLLUTION. 

NATiniAL  FILTRvVTTON. 

GENERAL   STATEMENT. 

There  is  a  strong  popular  belief  that  a  polluted  river  water  will  purify  itself  in  s 
from  7  to  30  miles.  It  need  hardly  be  said  that  this  is  not  true.  Sedimentation,  t 
factor  in  the  self-purification  of  natural  waters,  goes  on  more  rapidly  in  standing 
running  water.  Many  cities  which  take  water  from  running  streams  upon  whose  < 
areas  typhoid  fever  is  prevalent  have  been  visited  by  epidemics  of  the  disease.  ' 
torical  Plymouth,  Pa.,  epidemic,  the  Mohawk  Valley  epidemic  of  1891,  the  Low- 
rence  epidemic  of  1891,  all  show  that  a  stream  polluted  with  typhoid  sewage  retai 
material  for  a  long  time. 

Experiments  made  with  the  typhoid-fever  organism  have  shown  that  it  is  able  f 
to  retain  its  vitality  in  potable  waters  for  weeks  and  months.  Even  if  pollution 
particular  point  should  Ix?  intermittent,  the  polluted  water  might  contain  the  b 
disease,  and  its  use  for  drinking  purposes  is  therefore  attended  at  all  times  witi: 
tainty  and  danger.  The  great  majority  of  towns  situated  on  running  streams  dn 
supplie-s  from  those  streams  in  too  many  cases  witliout  purification  of  the  water. 

The  delivery  to  the  people  of  unpurifled  water  is  nowadays  regarded  everywhere  as  extreir 
gerous,  as  such  water  has  too  often  been  found  to  he  a  fruitful  source  of  typhoid  fever  and  kin 
eases.  There  is  not  a  town  in  the  eastern  United  States  taking  its  water  unpurifled  from  a  larg 
which  has  not  cither  an  abnormal  typhoid  mortality  rate  or  has  been  visited  by  a  typhoid  cpld 

In  modem  practice  it  is  an  axiom  that  raw  surface  water  is  safe  as  a  city  supp 
when  the  entire  drainage  area  of  the  stream  used  is  subjected  to  rigid  sanitary  contn 
surface  waters  must  he  considered  dangerous,  and  their  use  in  the  raw  state  for  a 
supply  in  each  particular  case  either  hjis  been,  is  now,  or  is  likely  to  be  the  cause  ol 
and  death, "6  except  when  properly  guarded,  when  they  have  no  superior  as  water  s 
New  York  City's  water  supply  is  impounded  from  the  run-off  of  a  large  drainage  ar 
which  whole  villages  have  been  removed,  the  entire  urea  being  cleared  of  habitatioi 
typhoid-fever  death  rate  of  New  York  City  is  very  low. 

The  plan  of  natural  filtration,  by  causing  the  polluted  waters  of  a  running  str 
seep  through  the  sand  and  gravel  of  its  own  l^d,  wius  for  a  long  time  considered  a< 
purification;  the  annual  decimation  by  typhoid  fever  in  towns  so  supplied  hasdemoi 
the  ineflectiveness  of  the  plan  in  its  three  best-known  forms.  These  are,  first,  filti 
with  permeable  bottom  and  sides,  such  as  are  used  at  Monongahela,  Braddock,  an 
West  Virginia  towns;  second,  filter  galleries,  such  as  those  of  Lowell,  Mass.,  befoi 
and  Columbus,  Ohio,  at  the  present  day;  third,  filter  cribs,  in  extensive  use  all  c 
country,  and  particularly  in  the  vicinity  of  Pittsburg. 

Reliable  data  as  to  the  efficiency  of  filter  wells  are  not  available.  Filter  gallei 
cribs,  however,  have  long  been  in  use  in  places  where  cx)ntinuous  analyses  and  fair! 


a  Sedgwick,  W.  T.,  Test,  Chicago  Drainage  Canal  Com.,  vol.  3. 
6Kemna,  Dr.  Adolpb.    Trans.  Am.  See.  Civil  £ng.,  vol.  54,  Pt.  D,  p.  157. 
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lite  statistics  of  typhoid  mortality  have  been  kept,  making  it  possible  to  determine  with 
tocuncy  what  effect  natural  filtration  has  on  the  quality  of  polluted  surface  waters. 

A  very  important  distinction  must  be  made  between  galleries  and  cribs.  Cribs  are 
m?iriably  located  in  the  beds  of  more  or  less  polluted  streams,  the  waters  of  which  seep 
through  the  superincumbent  sand  into  the  interior  of  the  structure  and  are  pumped  into 
the  city  mains.  Water  so  obtained  is,  therefore,  practically  surface  water,  the  only  purifi- 
cation being  produced  by  its  passage  through  a  few  feet  of  sand  and  gravel.  Filt<»r  gal- 
leries, howcyer,  being  excavated  in  the  river  bank,  are  in  a  position  to  impound  ground 
water  on  its  way  to  the  stream,  besides  allowing  the  seepage  of  surface  wat^r  from  the  river. 
The  experience  of  communities  using  such  supplies  goes  to  show  that  bacterial  purity  of 
the  supply  is  directly  proportional  to  the  ratio  between  the  ground  water  and  the  river 
water  in  the  gallery,  as  will  be  evident  from  facts  presented  below.  Properly  speaking, 
therefore,  galleries  do  not  effect  filtration  of  contaminated  water,  being  successful  only 
when  the  contaminated  water  has  no  access  to  them,  paradoxical  as  that  may  seem.  This 
point  should  be  kept  in  mind  in  accounting  for  the  wide  discrepancies  in  the  bacterial 
content  of  water  treated  by  natural-filtration  schemes  in  various  towns. 


FILTEB    GAIXEBIES. 


Wobumj  Mass. — At  Wobum,  Mass.  (population  4,000),  the  supply  is  taken  from  so-called 
filter  galleries  impounding  ground  waters  on  their  way  to  Horn  Pond,  which  has  a  drainage 
*rea  of  7}  square  miles  and  a  surface  of  103  acres.  Prior  to  1899,  when  the  galleries  were 
installed,  the  t3rphoid  mortality  rate  was  high,  as  may  he.  seen  from  the  figures  below: 

Deaths  per  100  flOO  from  typhoid  fever  at  Wohumj  Mass, 


Years. 

Deaths.  ' 

Years. 

Deaths. 

1871-1875 

57 
20 
25 
38  I 

189 1-1895 

48 

U76-1880. 

189&-19a() 



13 

1881-1885.. 

IQOl-lQUi 

2 

M».1890 

Although  conditions  did  not  immediately  improve  after  1889,  the  remarkable  reduction 
between  1891  and  1903,  bringin'^  the  death  rate  from  this  cause  down  to  only  2  per  100,000, 
shows  conclusively  that  the  galleries  are  supplying  good  water.  That  this  is  ground  water  on 
Its  way  to  the  pond,  and  therefore  more  thoroughly  purified  than  river  water  can  ordinarily 
he,  is  shown  by  the  experience  of  Lowell,  Moss. 

ioiocH,  MasB. — Prior  to  1891  Lowell  took  its  public  supply  from  filter  galleries  near  the 
AferTioiac  River.    The  figures  showing  typhoid  death  TvtXe  are  as  follows: 

Deaths  per  lOOjOOOfrom  tyj)hoid  fever  at  Lowell,  Afass. 


Year. 

Deaths. 

Year. 

I  Deaths. 

W71-1875..  .. 

98  , 
43 
79 
112 

1891-1895.... 
1896-1900. . . . 

73 

WJ^lttO 

25 

M81-1885 

1900-1903.... 

20 

iaH890 

Prior  to  the  abandonment  of  the  galleries  in  1891  and  the  substitution  of  dci'p  wells  for 
theaopply  the  death  rate  at  Lowell  from  typhoid  fever  was  steadily  inrreosing.  The  steady 
decreaae  in  the  number  of  deaths  since  the  wells  were  put  in  service)  indicates  the  badly 
poDuted  condition  of  the  former  filtrate  from  Merrinmc  River. 

TTie  striking  difference  in  results  in  these  two  castas,  and  the  fact  that  no  loss  than  20 
towns  in  Maasachuaetts  get  their  supplies  wholly  or  in  part  from  filt^^r  galleries  or  simila^ 
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devices,  mostly  with  good  efToct,  shows  that  a  filter  gallery  is  inadequate  to  purify  contanu- 
natcd  river  water  for  drinking.  The  filtration  only  clears  the  water  of  visible  impurities, 
frequently  making  it  doubly  dangerous  by  masking  the  pollution.  The  device,  when  sue*  V  ' 
cessfiil,  is  merely  a  form  of  well  that  has  a  much  greater  collecting  surface  than  an  ordinal^  I' 
well  can  have,  collecting  ground  water  in  the  same  way  as  an  ordinary  shaUow  well  and  sub-  I 
ject  to  tlie  same  contamination  from  accidental  pollution.  When  unsuccessful,  it  is  noth-  1 
ing  but  a  device  for  straining  out  turbidity  and  visible  impurities  in  polluted  river  water,  1 
frequently  making  it  clear  and  inviting  in  appearance,  when  in  fact  it  is  dangerously  charged 
with  the  genus  of  water-borne  disease.  A  few  cases  are  cited  below  in  support  of  this 
statement,  out  of  the  many  instances  on  record. 

Indiaiuipclis,  Ind. — In  Indianapolis,  Ind.,  the  number  of  deaths  from  typhoid  fever  per 
100,000  is  given  by  Mr.  Fuller  in  his  report  on  the  supply  as  follows: 

Deaths  ])er  100,000  from  typhoid  fei^r  at  IndianapolU,  Ind.,  1895-1904. 


Year. 

1895 ' 

1896 1 

1897 ' 

1898 ' 


I 


Deaths. 

lUl 
50 
43 
42 
46 


Year. 

DeatlM. 

1900 

47 

1901 

36 

19(r2 

48 

1903 

56 

1904 - 

82 

As  a  death  rate  from  this  disease  of  over  20  per  100,000  is  generally  considered  sufficient 
to  justify  a  serious  investigation  of  the  source  of  infection,  it  is  evident  that  the  figures  given 
put  Indianapolis  in  the  class  of  cities  with  notoriously  bad  water  supplies.  The  supply 
is  derived  from  filter  galleries  about  to  be  abandoned. 

Columbus,  Ohio.  —Similar  conditions  have  existed  at  Columbus,  although  the  figures  are 
not  nearly  so  high.  In  the  United  States  there  are  so  many  towns  with  typhoid  death  rates 
as  high  OS  tiiose  of  Pittsburg,  with  l',V2,  and  Allegheny,  with  129,  that  the  significance  of 
the  figures  at  Columbus  is  not  appreciated  as  it  should  be. 

Deaths  per  100,000  from  typhoid  fecer  at  Columbus,  Ohio,  1898-1903. 


Year. 

1S08 ' 

1899 ! 

i<m 


Doaths.    I 


Year. 


I  Deaths. 


.  -i  .     _ 

28  j'  1901 

23  i'  1902 

42  ,'  19(tt 

l" 


36 
37 
34 


Tlie  supply  is  purtly  from  filter  galleries  about  to  l)e  abandoned. 

Findlatj,  Ohio.  -  Findlay,  ()hi(>,  formerly  took  part  of  its  water  .supply  from  filter  galleries 
in  Blanchard  River,  also  pumping  direetly  from  that  stream. 

Typhoid  moHaliiy  at  Findlay,  Ohio,  1S97-190.3. 


Year                                                         I  I*'>P"'*- 

I 

I 

1S97 16.000 

1S9S 16, 500 

1«M» 17,000 

1900 1 7, 613 

HK)1 18,000 

1902 18,500 

1903 19. 000 


Rate  per 
100.000. 


50 
12 
59 
91 
31 
38 
26 


a  Kstiiuuted,  except  for  1900. 
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"Hie  figures  for  1899  and  1900  show  a  general  infection,  indicating  a  polluted  water  supply 

Sprin^ddf  Ohio. — In  Springfield,  Ohio,  with  a  population  of  38,253  in   1900,  and  a 

npplj  in  part  from  filter  galleries  of  this  kind,  the  typhoid  fever  death  rate  has  heen  as 

Deaiks  per  lOOfiOO  fnm,  typhoid  fever  at  Springrfield,  Ohio,  1898-1903. 


Year. 

Deaths. 

Ye 

fSK 

24 
64 
44 

1901 

vm 

1902 

mo                                 

1903 

Deaths. 


20 
51 
42 


I^ainly  this  is  contaminated  surface  water. 

Grand  Rapids^  Mich. — In  Grand  Rapids,  Mich.,  where  water  is  taken  from  three  filter 
gidleries  beneath  the  river  bed,  the  mortality  as  shown  in  the  table  is  too  hig^. 

Deaths  per  100  flOO from  typhoid  fever  at  Grand  Rapids,  Mich. 


Year. 

Deaths. 

Year. 

Deaths. 

1S98               

34 
31 
42 

1901 

35 

18B9 

1902 

61 

1900 

1903 

35 

These  galleries  were  installed  in  1890,  the  raw  Grand  River  water  being  pumped  before 
then.    The  death  rate  since  has  risen. 

Swnmary. — The  evidence  shows  that  filter  galleries  have  no  bacterial  efficiency,  and 
that  these  to  be  successful  must  be  so  constructed  as  to  impound  ground  water  only. 
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FILTER  CRIBS. 

TaretUum,  Pa. — At  Tarentum  (population  7,000),  about  19  miles  above  Pittsburg,  a  crib 
in  Allegheny  River,  designed  by  Messrs.  Chapin  and  Knowles,  is  the  only  means  of  purifi- 
cation at  hand.  The  sample  taken  shows  such  high  turbidity  as  to  make  it  evident  that 
Ae  crib  is  out  of  conmiission,  probably  having  been  damaged  by  the  spring  freshets. 

Field  assay  cf  water  from  Allegheny  River  at  Tarentum. 
[Parts  per  million.] 


Determination. 


Turbidity 

C»>cinm(Ca)... 
Wphttes  (SOi) 


Determination. 


Color 180 

Total     hardness     (as    i 
CaCOj) i     51.4 


Determination. 


!  Chlorides. 

I  Iron  (Fe). 

Alkalinity 


a  Estimated. 

The  statistics  of  deaths  from  typhoid  fever  at  Tarentum  are  too  few  to  justify  conclusions 
u  regards  the  supply.  In  1896  there  were  48  cases;  in  1897  there  were  27  cases,  2  dying; 
D  1896  there  was  1  death  from  this  disease. 

McnUrose,  near  BrtUiani,  Pa. — ^The  figures  below  show  the  results  of  analyses  of  Alle- 
ffieny  River  water  before  and  after  it  had  passed  through  the  Montrose  crib,  4  miles 
above  Brilliant,  idiich  funuahes  also  a  portion  of  Allegheny's  water  supply. 
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Analysta  showing  ^cienqf  of  Montrose  crib,  nsar  BriUiaint,  Pa. 
[Parts  per  million.] 


Date. 

Water  analysed. 

Turbidity. 

Albu- 
minoid 
ammo- 
nia. 

Free 
ammo- 
nia. 

Ni- 
trites. 

Ni- 
trates. 

Chlo- 
rine. 

Burt 

1897. 
July  28 

River  water,  raw 

Effluent  from  crib 

River  water,  raw 

Effluent  from  crib 

River  water,  raw 

Effluent  from  crib 

River  water,  raw 

Effluent  from  crib 

River  water,  raw 

Effluent  from  crib 

River  water,  raw 

Effluent  from  crib 

River  water,  raw 

Effluent  from  crib 

Muddy 

0.310 
.315 
.197 
.250 
.340 
.174 
.190 
.195 
.190 
.175 
.140 
.176 
.122 
.180 

0.034 
.046 

!oii 

.027 
.060 
.050 
.020 
.020 
.028 
.018 
.024 
.032 
.014 
.034 

None. 
None. 
None. 
None. 
None 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 

1.036 
1.165 
.888 
.666 
.750 
.375 
.750 
.525 
1.200 
.750 
.600 
.675 
.712 
.300 

9.1 

9* 

Muddy 

1 
10.2       9.1 

Aug.    9 

Slight 

12.0 
14.0 
47.0 
15.0 
12.4 
13.0 

Slight 

Aug.  16 

Very  turbid 

Decided 

2, 
1^ 

Aug.  23 

Slight 

^ 

Slight 

?, 

Aug.  30 

Decided 

ia6 '    4, 

Slight 

17.5      10, 

Sept.    7 
Sept.  22 

Slight 

20.9      15. 

Slight 

Very  slight 

Very  slight 

21.5 
10.8 
29.6 

1 
17, 

2, 
1 

It  has  already  been  shown  that  typhoid  fever  is  constantly  present  in  severe  fom 
nearly  every  important  town  on  the  watershed  of  the  Allegheny,  and  the  sewage  from  tl 
towns  unquestionably  carries  disease-producing  bacilli  into  the  river.  The  efficiency  of 
plant  for  purifying  the  river  water  may  therefore  be  rated  by  its  effect  on  the  bacU 
cont4?nt. 

Inspection  of  the  above  figures,  bracketed  together  to  permit  convenient  compariso 
analyses  made  on  the  same  day,  shows  that  the  effluent  water  usually  contains  many  r 
organisms  than  the  raw  water  and  never  appreciably  less.  Average  analyses  of  the  effli 
water,  each  representing  the  average  results  for  one  month,  follow: 

Average  analyses  ofeffxient  water  ai  Montrose  crihj  near  BriUiantf  Pa, 
[Parts  pt»r  million.] 


Date. 


October... 
November. 
December.. 


Albumi- 
noid am- 
monia. 


Free  am- 
monia. 


January 

February  16. 

March 

April 

May 

June 

July 

August 


0.128  I 
.  135  ; 
.090  ' 

.aw 

.076 
.070 
.090 
.126 
.094  ' 
.111  I 


0.014 
.020 
.017 


Nitrites. 


.045  I 
.028  I 
.024  ' 
.024  I 
.042  I 
.026  I 
.017  i 
.025  I 
1 


None. 
None. 
None. 

None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 


Nitrates. 

Chlorine. 

0.637 

30.0 

.731 

33.0 

.»75 

46.7 

.637 

119.4 

1.125 

231.0 

5.000 

257.5 

.675 

120.5 

.300 

110.0 

.225 

51.5 

.975 

24.1 

.562 

41.8 

Bact 

per. 


Not  one  of  these  effluents  can  be  truthfully  call(?d  a  filtered  and  safe  water,  and  it  iseyii 
that  so  far  as  bacterial  purification  is  concerned  the  crib  might  as  well  not  be  there, 
crib  IS  of  approved  form,  about  2,500  feet  long,  32  feet  wide,  and  7  feet  deep,  its  framev 
having  been  built  of  6  by  8  hemlock  timbers,  laid  flat.    The  timbers  are  spread  by  bl< 
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4  inches  thick,  spaced  about  3  feet  apart.  It  is  tightly  planked  over  on  top  with  3-inch 
plaob,  but  its  sides  and  bottom  are  open.  In  placing  the  crib  an  excavation  somewhat 
larger  than  the  area  of  the  structure  was  made  and  the  crib  was  floated  over  and  sunk  into 
pkoe.  It  is  covered  with  stones  and  coarse  gravel  with  sand  upon  top.  The  average 
depth  of  gravel  and  sand  on  the  crib  is  5  feet.  The  depth  of  the  crib  below  the  surface  at 
low  water  is  16  feet  at  the  upper  end  and  10  feet  at  the  lower.  Upon  two  occasions  fresh 
aod  and  gravel  have  been  dumped  in  places  upon  the  crib  to  replace  material  thought  to 
have  been  washed  away. 

Button,  Pa. — ^At  Hulton,  about  1 1  miles  above  Pittsbui^g,  a  crib  similar  to  that  at  Mont- 
rose was  built  in  1894.  Its  timbers  are  2  by  4  inch  hemlock.  It  is  96  feet  long,  16  feet 
wide,  and  4  feet  deep,  and  is  covered  to  a  depth  of  about  4^  feet  with  large  stones,  sand, 
and  gravel.  The  average  depth  of  water  at  low  water  is  about  7  feet.  Here  similar  exhaust- 
ive aoaljrses  were  made  both  of  the  raw  water  of  Allegheny  River  and  of  the  effluent  from 
the  crib. 

Analyses  showing  efficiency  of  crib  at  UviUonf  Pa, 

[Parts  per  million.] 


Date. 

Water  analyzed. 

Turbidity. 

Albu- 
minoid 
ammo- 
nia. 

Free 
ammo- 
nia. 

Ni- 
trites. 

Ni- 
trates. 

Chlo- 
rine. 

Bacte- 
ria per 
c.c. 

m. 

Aug.  9 

River  water,  raw 

Effluent  from  crib 

River  water,  raw 

Effluent  from  crib 

Slight 

0.215 
.108 
.208 
.130 

0.021 
.009 
.021 
.014 

None. 
None. 
None. 
None. 

0.815 
.592 
.900 
.605 

11.7 
35.3 
11.0 
24.0 

650 

Clear 

135 

Aug.  16 

Decided 

525 

Slight 

1,071 

Aug.  23 

River  water,  raw 

Effluent  from  crib 

Slight 

.185 
.130 

.016 
.018 

None. 
None. 

.638 
.528 

11.0 
44.8 

1,150 

Very  slight 

135 

Sept.  14 

River  water, raw .'.  — 

Slight 

.133 

.024 

None. 

.450 

19.7 

250 

Effluent  from  crib 

Very  slight 

.094 

.016 

None. 

.450 

29.7 

68 

Sept.  28 

River  water,  raw 

Slight 

.174 

.028 

None. 

.900 

20.1 

3,300 

Effluent  from  crib 

Slight 

.102 

.014 

None. 

.750 

39.0 

2,250 

Oct.    5 

River  water,  raw 

Very  slight 

.162 

.012 

None. 

.775 

31.2 

12,250 

Effluent  from  crib 

River  water,  raw 

Clear 

.096 
.108 

.014 
.010 

None. 
None. 

.825 
.600 

38.8 
28.4 

6,336 

Oct.  12 

Slight 

5,700 

Effluent  from  crib 

Very  slight 

.118 

.005     None. 

.825 

39.7 

3,846 

Oct  19 

River  water,  raw 

Very  slight 

.105 

.012  1  None. 

.600 

27.9 

90,000 

Effluent  from  crib 

Very  slight 

.090 

.010  1  None. 

.675 

38.0 

34,560 

Oct.  26 

River  water,  raw 

Very  slight 

.0^8 

.014 

None. 

.375 

37.5 

87,000 

Effluent  from  crib 

Very  slight 

.080 

.016 

None. 

.525 

51.4 

39,825 

Nov.  2 

River  water,  raw 

Clear 

.060 

.012 

None. 

.450 

35.1 

32,000 

EfBuent  from  crib 

Very  slight 

.084 

.014 

None. 

.450 

53.4 

27,000 

No7.  0 

River  water,  raw 

Slight 

.122 

.016 

None. 

.525 

34.5 

7,800 

Effluent  from  crib 

Clear 

.088 

.018 

None. 

.525 

63.1 

2,100 

Not.  16 

River  water,  raw 

Decided 

.266 

.054 

None, 

1.200 

18.5 

15,010 

Effluent  from  crib 

Clear 

.160 

.058 

None. 

.825 

62.2 

100 

Nov.  23 

River  water,  raw 

Slight 

.140 

.010     None. 

.675 

14.4 

15,700 

Effluent  from  crib 

Clear 

.068 

.014     None. 

.450 

60.7 

167 

In  all  but  one  of  these  thirteen  sets  of  analyses  a  reduction  of  bacterial  content  is  noted 
in  the  effluent,  varying  from  the  6  per  cent,  removed  September  28,  to  the  93  per  cent, 
iwnoved  November  16.  The  highest  efficiency,  93  per  cent,  i.s  not  sufficiently  high  to  war- 
nmt  the  use  of  this  water  as 'a  public  supply;  the  lowest  needs  no  comment.  Lest  it  may 
be  claimed  that  some  further  reduction  in  bacterial  content  takes  place  in  the  taps  the 
foDowing  analyses  are  presented  to  show  the  condition  of  the  effluent  from  the  cnb,  side  by 
■de  with  that  of  samples  from  the  taps  in  Verona,  supplied  from  this  source. 


i 
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Analyses  of  water  from  HuUon  crib  and  Verona  tap. 
[Farts  per  million.] 


Date. 

1807. 
Dec.     7 

Jan.  4 

Jan.  18 

Feb.  1 

Feb.  16 


Water  analyzed. 


Effluent. 


Turbidity. 


Clear. 


Verona  tap ("lear 

Effluent Clear 

Verona  tap |  Very  alight. 

Effluent I  Clear 

Verona  tap |  Clear 

Effluent ;  Clear 

Verona  tap Clear 

Effluent '  Clear 

Verona  tap Clear 


0.048 
.064 
.044 
.040  I 
.040  ' 


.032 
.040 
.042 


0.016 


.016  I  None. 
.010  ,  None. 


Analyses  arc  available  through  August,  1898,  but  it  is  unnecessary  to  quote  further.  1 
evident  that  the  quality  of  the  water  in  the  taps  is  sometimes  improved  and  sometimes  i 
In  the  five  cases  given  three  show  an  increase  in  bacteria;  tw^o  a  decrease.  If  pathogi 
bacilli  arc  in  the  water,  there  is  absolutely  nothing  to  prevent  this  water  from  carrying  ( 
tagion  from  the  infected  river  to  every  tap  in  Verona. 

Sharpshurg,  Pa. — At  Sharpsburg  (population  about  7,000),  on  the  west  side  of  the  1 
gheuy,  a  mile  below  Brilliant,  the  supply  is  derived  from  the  river  through  a  crib  100 
long,  8  feet  wide,  and  5  feet  deep.  It  has  been  in  use  since  1893.  There  is  about  2\ 
of  river  material  over  it,  but  it  is  tight  near  the  top,  being  open  on  the  bottom  and  the  Ic 
part  of  the  sides.  Timbers  and  opimings  are  6  inches  wide.  Low  water  is  about  3  feet  al 
the  top  of  the  crib.  There  are  no  analyses  at  hand  of  the  raw  Allegheny  water  at  Sha 
burg,  but  the  average  analyses  of  the  Sharpsburg  effluent,  taken  in  connection  with  an 
SOS  made  to  determine  the  cfTiciency  of  the  Etna  crib,  shown  below,  furnish  sufficient  < 
for  judgment  on  the  supply  of  the  former. 

Average  analyses  of  effluent  from  Sharpsburg  crib. 
[Parts  [)er  million.] 


Date 


Turbid  it  V. 


189S. 

May 

Juno 

July 

August  . . 


Albu- 
minoid 
ammo- 
nia. 


0.  ()-)('► 
.  124 
.OlHi 
.OS.') 


Froo     ' 
ammo- 
nia.     , 


0.0l!» 
.010 

.ni6 

0. 10 


Ni- 
ritfs.    , 

Ni- 
trates. 

Chlo- 
rine. 

Bacte- 
ria per 
c.c. 

Bactei 
range 
numbf 

None. 

0.  M5 

18.9 

3,710 

800- 

None,  , 

..TOO 

19.4 

15,800 

11,100-a 

None.  1 

.7.-)0 

20.5 

13,400 

i3,ooo-i; 

None. 

1 

.r>z^ 

22.  .3 

25,500 

18,800-3: 

Evidently,  whatever  may  l)e  the  nature  of  the  purification  this  has  undei^ne,  its 
ciency  in  removing  bacteria  is  not  high.     Distnist^infect^'d  water  would  therefore 
through  thiscribwithout  sufficiently  complete  loss  of  organisms  to  make  it  reasonably 
for  drinking. 

Etna,  Pa. — Comparative  analys4»s  of  water  at  Etna  show  .similar  conditions.     At 
point  there  is  also  a  crib  in  the  river.     It  is  a  wooden  box  40  feet  long,  16  feet  wide,  a 
feet  deep,  p(?rforated  with  many  openings  and  covered  to  the  depth  of  about  4  feet 
stone,  river  gravel,  and  sand.    The  following  analyses  show  the  cfiiciency  of  the  crib: 
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AndLyaea  showing  efficiency  of  Etna  crib, 
[Parts  per  million.] 


Date. 


Water  analyzed. 


I 


IW. 


I 


Sept. 
Sept  21 

Sept.  28  I 
Oct.    5 


7    Riy«r«ater,  raw. 

JEfflMHfe. 


Turbidity. 


Slight 

Clear 

River  water,  raw Slight 

Effluent Very  slight. 

River  water,  raw I  Very  slight . 

Effluent VerysUght. 

River  water,  raw Very  slight . 

I  Effluent Clear 

Oct.  12    River  water,  raw '  Very  slight . 

Effluent Very  slight. 

Oct.  19  '  River  water,  raw Very  slight . 

i  Effluent I  VerysUght. 

Oct.  25  I  River  water,  raw Very  slight . 

Effluent '  Clear 

198.    I  I 

June  7 

June  21 

July   6 

Aug.  2 

Aug.  16 


River  water,  raw 

Effl uent ,  Clear 

River  water,  raw 

Effluent Very  slight. 

River  water,  raw I 

Effluent Very  slight. 

River  water,  raw ' 

Effluent I  SUght 

River  water,  raw j 

Effluent Clear 


Albu- 
minoid 
ammo- 
nia. 


»9.0 


.09 


1.8 


0.222 
.126 
.186 
.118 
.118 
.008 
.188 
.090 
.160 
.148 
.122 
.096 
.144 
.056 

.084 
.040 
.124 
.030 
.130 
.058 
.I(i8 
.068 
.120 
.070 


Free 
ammo- 
nia. 


Ni- 
trites. 


I 


None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 

None. 
None. 
None. 
None. 
None. 


0.028 
.018 
.012 
.014 
.024 
.026 
.014 
.018 
.032 
.018 
.022 
.010 
.048 
.014 

.042 

.006 

.028 

.008 

.030 

.016  i  None. 

.036  ,  None. 


.018 
.044 
.026 


None. 
None. 
None. 


Ni- 
trates. 


0.750 
.975 
.600 
.900 
.812 
.900 
.900 

1.500 
.600 
.750 
.600 

1.275 
.750 
.750 

.300 
.300  I 
.150  I 
.225  j 
.750 
.675  I 
.450  I 
.525  I 
.675  I 
.525  I 


Chlo- 
rine. 


Bacte- 
ria per 
c.c. 


I 


... 

"■ 

21.0 

6,125 

30.2 

1,288 

28.0 

2,625 

42.3 

133 

22.1 

5,250 

28.7 

1,841 

29.4 

7,200 

41.0 

1,652 

32.0 

28,750 

46.8 

2,730 

46.1 

27,300 

48.3 

13,260 

40.0 

75,000 

49.4 

38,220 

23.8 

65,800 

51.5 

5,200 

14.0 

16.400 

48.0 

325 

18.7 

1,630 

44.2 

1,520 

30.0 

239.000 

48.6 

10.850 

18.4 

l.'W.OOO 

64.1 

1,600 

<»  Reciprocal  scale. 

These  analyses  indicate  a  higher  degree  of  eflBciency  at  times  than  lias  been  previously 
noted,  but  they  bring  out  strikingly  the  greatest  drawback  to  crib  filtration ;  that  is,  the 
W  of  regularity  in  efficiency.  During  the  summer  of  1898,  when  the  structure  had  been 
»n  pUce  a  year  and  should  have  shown  as  good  results  as  it  ever  will,  the  efficiency  is  seen 
to  vary  from  98  per  cent  on  June  21,  already  quoted,  to  less  than  7  f>er  cent  on  July  6. 
Before  a  city  ventures  to  use  the  water  of  Allegheny  River  it  should  demand  better  assur- 
uice  of  purification  than  this. 

MiUxxile,  Pa. — At  Millvale  (population  about  7,000),  about  4  miles  Mow  Brilliant,  on 
tbe  western  side  of  the  river,  there  are  two  cribs,  one  of  which  is  owned  by  the  Bennett  Water 
Company.  This  crib  is  100  feet  long,  16  feet  wide,  and  4  feet  deep,  built  of  2  by  4  inch 
timber,  and  covered  with  stone,  gravel,  and  sand.  The  flow  of  the  current  has  necessitated 
frequent  refilling  to  replace  material  washed  away.  At  this  crib  the  bacterial  purification 
is 80  slight  as  to  make  detailed  figures  unnecessary.    The  averages  are  given  below: 

Determinations  shounrKj  efficiency  of  MUlinle  crib. 


1897. 


August.... 
September. 
October... 


Avorapo 
numUT  of 
hofrteria  in 
rivor  water 

per  c.  0. 

4.600 
3.762 
60.126 


Average 
numl^er  of 
bacteria  in 
effluent  wa- 
ter per  c.c. 

7,533 
4,144 

41,« 
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That  the  crib  had  not  improved  much  by  the  following  August  is  shown  by  the  fact  that 
a  sample  of  the  effluent  water  taken  August  2, 1898,  showed  18,200  bacteria  per  cubic  cen- 
timeter, and  a  sample  taken  August  16  showed  19,500  bacteria  per  cubic  centimeter,  both 
numbers  too  large  to  speak  well  for  the  process. 

WUdwoodj  Pa. — A  laige  quantity  of  water  is  pumped  from  the  WUdwood  crib,  on  Alle- 
gheny River,  about  1^  miles  above  the  Brilliant  pumping  station,  to  supply  the  town  of  Wil- 
kinsbuig,  part  of  Pittsbuig,  and  some  neighboring  places.  The  crib  is  in  the  middle  of  the 
river,  304  feet  long,  32  feet  wide,  and  4  feet  deep,  built  of  2  by  8  inch  planks,  with  2-inch 
open  places  on  top  and  sides,  and  open  bottom.  Upon  it  and  around  it  there  were  plaoed 
large  stones  to  tlie  depth  of  1  foot,  then  1  foot  of  coarse  gravel,  and  ih&a  3  feet  of  river  sand. 
There  is  said  to  be  30  feet  of  gravel  in  the  bed  of  the  stream  under  the  crib,  which  should 
improve  the  quality  of  the  wat«r.     It  was  installed  in  June,  1897. 

Analysts  showing  efficiency  of  WUdwood  crib. 
[  Purtj)  per  million.] 


Date. 


1897. 
July  13 

July  29 

Aug.    4 

Aug.  11 

Aug.  18 

Aug.  24 

Sept.    7 

Sept.  14 

Sept.  21 

Sept.  27 


Water  analyzed. 


Turbidity. 


River  water,  raw i  Slight 

Effluent I  Clear 

River  water,  raw '  Muddy 

Effluent Clear 

River  water,  raw |  Slight 

Plffluent I  Clear 

River  water,  raw Muddy 

Effluent Clear 

River  water,  raw Slight 

Effluent Clear 

River  water,  raw Very  slight . 

Effluent Clear 

River  water,  raw Very  slight . 

Effluent '  (.'lea  r 

River  water,  raw Slight 

Effluent '  Clear 

River  water,  raw Slight 

Effluent Clear 

River  water,  raw Slight 

Effluent :  (  Icar 


Albu-  ' 


Free 


^rlml^  amino- 
amino-       ^ 

nia.         "** 


0.162 
.046 
.280 
.032 
.240 
.062 
.395 
.110 
.268 
.aj2 
.204 

Am 

.  122 
.(M8 
.112 
.  002 
.1(« 

.lis 
.010 


0.016 
.012 
.031 
.023 
.030 
.018 
.035 
.024 
.018 
.023 
.028 
.028 
.014 
.026 
.012 
.018  i 
.028  I 
.012  I 
.012  I 
.014 


Ni- 
trites. 

Ni- 
trates. 

0.003 

a  016 

.001 

.010 

None. 

1.334 

.005 

.445 

.001 

.050 

.004 

.502 

None. 

.814 

.003 

.370 

None. 

.600 

.003 

.300 

None. 

.450 

None. 

.375 

None. 

.600 

.001 

.450 

None. 

.576  1 

Chlo- 
rine. 


Bacte- 
ria per 
cc 


None.  I 
None.  I 
None.  I 
None,  i 
None.  I 
I 


2.250 
.300 
.225 
.675 
.450 


18.0 
18.6 
0.5 
22.0 
11.6 
14.5  i 

37.5  I 
21.2  ' 

16.6  I 
18.1  I 
13.1  I 
19.9 
18.8  I 
20.3 
21.4 
21.0 
26.2 
21.5  ! 
25.1  j 
26.2 


I 


269 

11,350 

59 

1.225 

88 

3,600 

50 

11,200 

262 

5,200 

106 

7.425 

78 

300 

12 

825 

160 

.3,600 

148 


It  is  ovidont ,  taking  tlio  records  pair  }>y  pair,  that  this  crib  has  olfected  a  very  remarkable 
reduction  in  the  or<;anic  content  of  the  riv(?r  water  if  the  ellhient  really  is  filtered  river  water. 
On  Auj^ust  24  the  effictioncv  was  98  per  cent :  on  S<?ptenil)cr  7.  99  per  cent;  on  September 
14,  96  per  cvnt :  r)n  Soptenil)i*r  21 ,  80  per  cent :  on  Septeml)cr  27,  96  per  cent.  During  the 
month  of  Octol)er,  1897,  it  was  steadily  about  96  i)er  cent.  This  is  as  high  a  percentage  of 
eflicicn(?y  as  many  mechanical  filters  make;  but  a  noteworthy  dilference  appears  in  the  drop 
to  80  per  cent  on  September  21.  It  is  irnpoaMblc  to  know  ju.st  why  this  happened  in  the 
crib,  whereas  in  the  mechani<*al  filter  the  difliculty  could  Ix;  found  and  remedied.  In  other 
words,  the  crib  filter  may,  as  in  this  cas<»,  pive  wonderfully  hijrh  efficiency  at  times — even 
most  of  the  time-  -but  no  one  knows  when  it  may  fail  for  a  l)rief  period.  Its  operation  is 
uncontrollable  and  uncertain,  and  in  a  stream  so  })adly  polluted  ^ith  pathogenic  oiganisms 
as  the  Allegheny  the  risk  is  too  great  to  !x^  taken.  It  is  unfortimate  that  typhoid-fever 
statistics  an^  unobtainable  for  this  town  except  for  1899,  when  there  were  5  deaths  from  this 
cause  in  a  population  of  11,886  (census  of  1900),  the  death  rate  thus  being  42  per  100,000. 
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Iciencj  preTiouslj  noted  were  maintained,  there  should  not  be  over  25  deaths  per 
*rom  typhoid  fever. 

wry. — ^The  foregoing  statement  discusses  filtering  cribs  operating  under  different 
38.  Where  the  crib  has  been  placed  in  a  swift  current  of  water  its  efficiency  is  prac- 
oo  low  for  serious  consideration;  under  peculiarly  favorable  conditions,  such  as 
the  Wildwood  crib,  an  amazingly  high  efficiency  is  realized  for  a  time.  The  mass 
compiled  as  to  the  operation  of  slow  sand  filters  shows  that  in  time,  whether  it  be 
\f  or  three  years,  the  filtering  sand  and  gravel  must  either  become  so  much  clogged 
dinish  seriously  the  supply,  or  the  bacteria  caught  by  the  particles  of  sand  must  pass 
lod  farther  into  the  mass  until  the  effluent  is  no  longer  pure  enough  to  drink.  It  is 
to  remove  the  polluted  sand  from  a  sand  filter  and  allow  the  filtering  action  to 
rer  again  on  fresh  material,  but  no  such  removal  can  occur  in  the  case  of  a  crib 
hrough  the  scouring  of  the  river  bed  in  time  of  flood,  etc.,  a  very  irregular  and  uncer- 
tncy.  The  important  point  is  that  such  a  mode  of  filtration  is  beyond  control  by 
J  m^ans  and  is  only  properly  efficient  when  favorable  conditions  happen  to  be  met 
7  good  fortune  than  by  anything  else. 

oefficiency  of  the  cribs  at  Allegheny  and  Pittsburg  is  well  known.  The^iiity  of  Alle^ 
Qstalled  a  crib  in  Allegheny  River  in  1897  at  an  immense  cost.  The  inefficiency  of 
icture  in  filtering  the  polluted  water  may  be  seen  from  the  following  figures  showing 
-fever  mortality: 

Deaths  per  lOOfiOOfnm  typhoid  fever  at  Allegheny,  Pa.,  1898-1902. 


Year. 


Deaths. 


38 
107 
03 


Year. 


1901. 
1902. 


Deaths. 


101 
120 


i^ttsburg,  filter  cribs  in  Monongahela  River  supplying  the  South  Side  and  six  bor- 
>f  the  city  gave  the  following  results: 

Deaths  per  lOOjOOOfrom  typhoid  fever  at  Pittsburg,  Pa.,  1808''1903. 


Year. 


Deaths. 

i 

1 

1  1901  .. 

Year. 

Deaths. 

71 

125 

110 
144 

1902... 

144 

19a'J... 

139 

e  figures  are  worse  than  Allegheny's.  It  is  evident  that  the  water  supplied  to  these 
lers  was  totally  unpurified,  so  far  as  disease  bacteria  arc  concerned, 
tiarpsbui^  the  figures  are  few,  but  sufficient  to  show  a  general  infection  every  year. 
'  there  were  47  cases,  with  4  deaths;  in  1898, 33  cases,  with  7  deaths;  in  1899,  57  cases, 
deaths  out  of  a  total  mortality  of  72,  or  SJ  per  cent.  In  1902  there  were  73  cases, 
population  of  the  town  is  only  about  7,000,  the  above  figures  have  startling  signifi- 
Evidently  in  1902  one  person  in  every  hundred  had  typhoid  fever,  many  of  them 
ly  through  drinking  the  polluted  river  water. 

oregoing  discussion  of  crib  filtration  has  reviewed  figures  showing  bacterial  purifica- 
i  typhoid-fever  mortality  derived  from  absolutely  reliable  sources  for  several  cities. 
jT  case  it  has  been  shown  that  crib  filtration,  no  matter  how  excellent  the  results  may 
mes,  is  absolutely  unreliable  as  a  means  of  ameliorating  a  public  water  supply. 

FILTER    WELI>l. 

ol  diseussion. — ^The  third  method  of  natural  filtration  is  by  wells  sunk  in  river  sand 
vel,  yarying  in  diameter  from  a  few  inches  to  20  or  30  feel,  and  so  constructed  ** 
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aUow  the  polluted  river  water  to  seep  through  its  own  bed  into  the  weU.  As  has  been 
already  stated,  this  method  of  filtration  produces  a  water  of  excellent  appearance,  but  the 
data  given  relating  to  filter  cribs  and  filter  galleries  show  that  there  can  be  no  real  purifica- 
tion of  the  water  by  this  means.  It  has  seemed  to  be  very  possible  that  efficient  filtratioa 
could  bo  obtained  by  a  modification  of  this  plan  where  local  conditions  are  favorable,  as  in 
some  Islands  in  Ohio  River.  If  weUs  are  driUed  to  a  moderate  depth  on  some  of  Umm 
islands  of  clean  river  sand,  through  which  the  water  may  percolate  before  entering  the  wefli^ 
very  efficient  purification  ought  to  be  secured  until  the  outer  layers  of  sand  become  dogged. 
The  frequent  scourings  to  which  these  islands  are  subject  by  the  rise  and  fall  of  the  riw 
as  well  as  by  its  strong  current  should  be  favorable  to  the  periodical  removal  of  the  clog^ 
layers.    The  idea  is  not  new. 

M.  Leforte,  Ingenieur  des  Fonts  ot  Chaussees,  engaged  In  improving  the  water  supply  of  thedtycl 
Nantes,  proposed  a  dozen  years  ago  to  secure  artificially  the  most  favorable  conditions  for  DAtonl 
filtration  by  creating  at  many  places  in  the  bed  of  the  Loire,  a  little  above  the  city,  islets  of  fine  stud,  fa 
the  middle  of  which  were  established  wells  provided  with  suitable  works  for  their  control,  tromwhieh 
water  was  to  bo  taken.    Notwithstanding  a  satisfactory  trial  of  the  process  it  was  not  applied.* 

The  same  procedure  was  suggested  by  M.  Janet,  engineer  of  mines,  who  recommended 
that  water  be  pumped  from  the  Seine  and  the  Oise  to  the  summits  of  sandy  hills  at  MoDt- 
morency,  Fontaincblcau,  etc.,  and  allowed  to  percolate  to  the  bottom  of  the  sand  to  be 
collected,  thus  making  use  of  a  natural  filter  over  50  meters  thick. 

0aUijx)li8,  Ohio. — It  has  remained  for  an  American  municipality  to  apply  this  plan  and  to 
demonstrate  its  ultimate  inefficiency.  The  city  of  GaUipolis,  Ohio  (population  about  6,000), 
gets  its  water  supply  from  filter  wells  drilled  on  an  island  in  the  Ohio  River.  The  recordi 
of  typhoid  fever  mortality  show  a  wonderful  temporary  efficiency,  not  a  single  death  from 
this  cause  being  reported  during  two  years,  at  the  end  of  which  former  conditions  recurred. 

Typhoid  mortality  at  GaUipolis^  Ohio. 


Vo«».  ;    Total      Typhoid  11  v««.. 

^  ^"^'  !  deaths.  I  deaths.    '  ^ear. 


I  I 

1W*7 1  116  2  ||  1901. 

IXOS 140  1  3  I    19(y2. 

1-S<K» '  101  7    '   IO(KJ. 

1900 1  Ml  0    I 

!  I             !i 


Total 
deaths. 

Typhokl 
deaths. 

57 

0 

83 

8 

65 

4 

Evidently  if  tlie  decrease  hi  deaths  is  to  bt*  ascribed  to  the  filtration  of  Ohio  River  water 
tlirougch  this  river  sand  tlie  return  to  the  epidemic  conditions  shown  in  1902  and  1903  muat 
have  had  a  similar  origin.  It  is  probable  that  the  pathogenic  organisms  carried  in  tha 
river  water  have  j^rovvn  eonipletely  tlirougli  the  sand,  so  that  even  the  scouring  of  the  top 
does  not  carry  away  all  the  polluted  sand.  The  experiment  shows  the  uncontrollable 
character  of  such  a  purification  scheme. 

Similar  supplies  exist  at  Moundsvilje,  W.  Va.,  and  Point  Pleasant^  W.  Va.,  both  described 
hiter  in  tlii^  paper  (pp.  87,  92-93). 

CONCLUSION. 

Every  form  of  natural  filtration  so  far  att<'mpt<?d  has  been  unsuccessful  except  the  rather 
rare  ty])e  last  (l(?scril)ed,  and  that  was  succi'ssful  only  for  a  time.  At  many  other  places 
which  could  be  cited  the  death  rate  shows  that  theses  devices  have  no  efficiency  in  removing 
bacteria  from  polluted  watcT,  so  that  towns  which  attempt  to  purify  water  by  natural  filtra- 
tion are  likely  to  spend  more  money  annually  in  avoiding  epidemics  of  water-borne  \ 
than  many  times  the  interest  on  the  cost  of  an  efficient  sand-filtration  plant. 

o Trans.  Am.  Soc.  Civil  Eng.,  vol.  54,  Vt.  D,  p.  184. 
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SEI-P-PUBinCATION. 

OXIDATION,  DILUTION^  AND  SEDIMENTATION. 

Tlie  ^omditions  on  the  MonoDgahela  (see  pp.  54-55)  show  the  existence  of  sources  of  poUu- 
on  flufficient  to  make  the  river  water  unsafe  as  a  source  of  public  supply  without  purifica- 
ion,  unleas  complete  self-purification  takes  place  in  the  river.  If  Professor  Sedgwick  is  cor- 
ed in  his  oonclusiona  that  the  population  of  the  Allegheny  basin  scattered  along  the  main 
toHun  and  its  tributaries  is  practically  equivalent  under  present  conditions  to  an  equal 
population  massed  at  the  lowest  point  considered,  then  the  same  conclusion  applies  to  the 
BUS  ooncenirated  population  of  the  Monongahela  basin  with  drainage  slopes  as  far  down 
itQreensboro  steeper  than  those  of  the  Allegheny.  It  would  seem,  then,  that  the  contami- 
MtioQ  in  Monongahela  River  from  above  Point  Marion  is  probably  equivalent  to  that  of  a 
oitfof  25/X)0  or  dOjOOO  population  located  at  Point  Marion,  and  the  question  arises  whether 
eomplete  self-purification  takes  place  below  that  point. 

fnm  a  drainage  area  of  11,400  square  miles  Allegheny  River  discharges,  as  is  shown  by 
official  measurements  made  by  the  U.  S.  Geological  Survey,  from  1,312  cubic  feet  per  sec- 
ond (September,  1903)  to  40,000  cubic  feet  per  second  or  more  at  flood  stages.  Mononga- 
hela River  has  a  drainage  area  of  7,625  miles,  67  per  cent  of  that  of  Allegheny.  Its  dis- 
eiiaige  can  not  be  given  with  accuracy  since  few  figures  are  available.  Tlie  dischai^e  of 
the  Youghiogheny  at  Ohiopyle,  Pa.,  measured  by  Kenneth  Allen  in  1892,  was  106  cubic 
Eeet  per  second  at -a  very  dry  time;  Indian  Creek,  entering  some  miles  below,  usually  carries 
BD  to  100  feet  per  second,  but  has  been  known  to  go  as  low  as  12  cubic  feet  per  second  in 
periods  of  extreme  drought.  The  table  herewith  shows  the  flow  of  Indian  Creek  as  com- 
puted by  the  Geological  Survey  b  from  data  furnished  by  Charles  H.  Knight,  Romc,N.  Y., 
ial803. 

EslimaUd  mean  flow  of  Indian  Creek  from  August,  1892,  to  July,  1893. 

8ec.-ft.  j  Scc.-ft. 

Angurt 31.4  '  February 659.0 

fltptember 15.2     March 290.5 

October 12.6  '  AprU 278.0 


Nomnber 48.8 

Dwmber 102.8 

Jimiary 193.5 


May 523.3 

June 41.3 

July 13.1 


The  table  giving  the  discharge  of  Cheat  River  shows  that  that  stream  at  times 
carries  less  than  2tX)  cubic  feet  per  second.  In  October,  when  Indian  Creek  is  at  its  lowest, 
Cheat  River  carries  about  700  cubic  feet  per  second.  It  may  be  roughly  estimated  that 
Cbeat  River,  Indian  Creek,  and  Youghiogheny  River  together  contribute  about  825  cubic 
fcet  per  second  to  the  Monongahela  in  the  fall.  The  discharge  of  Tygart  and  West  Fork 
nnn  aggregates  about  75  cubic  feet  per  second.  No  figures  are  available  for  these  streams, 
lad  this  is  merely  a  rough  estimate  based  on  experience  in  measuring  similar  streams. 
AHoi^ether  the  Monongahela  may  be  said  to  carry  about  900  cubic  feet  per  second  in  the  fall, 
«  about  two-thirds  the  volume  of  Allegheny  River  at  that  time.  The  flood  flow  of  the 
Uooongahela  is  considerably  over  40,000  cubic  feet  per  second,  or  about  the  same  as  that 
of  the  Allegheny.    The  facts  about  the  Monongahela  arc  therefore  as  follows: 

1.  The  drainage  area  of  Monongahela  River  is  67  per  cent  of  that  of  the  Allegheny,  and  its 
cBschaige  is  about  70  per  cent  of  that  of  the  latter. 

2.  The  flood  discharge  is  nearly  the  same  for  the  two  streams. 

3.  As  far  down  as  Qreensboro  the  Monongahela  drainage  area  is  rugged,  the  soil  lacks  fcr- 
tili^  and  therefore  absorbs  very  little  storm  water,  and  the  run-off  is  rapid. 

4.  The  region  is  practically  deforested. 

These  facts  indicate  that  the  Monongahela,  as  far  down  as  Greensboro,  is  by  far  the  quicker 

aRept.  Pittsbure  Filt.  Com.,  p.  20. 

*  Water  Sup.  ana  Irr.  Paper  No.  (>5,  U.  S.  Geological  Survey. 
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spilling  of  the  two  at  reams,  and  as  it  has  at  it^  headwaters  about  the  same  population  peraquan 
mile  of  drainage^  area  it  will  deliver  as  much  pollution  to  any  point  above  Greensboro  in  the 
stmie  time  or  less. 

From  GnM»nsboro  to  Pittsburg,  a  distance  of  approximately  80  miles,  the  Monongahela  has 
a  fall  of  alxmt  72  feet ,  or  aI>out  0.9  foot  to  the  mile.  This  is  so  little  eompared  to  that  above 
Greensboro  that  evidently  it  is  on  the  conditions  prevailing  in  this  stretch  of  the  stream  that 
self-puriiication  of  the  stn»am  will  depend.  The  element  of  time  is  of  the  greatest  impor- 
tance in  this  pro<*ess.  If  the  rate  of  flow  of  the  water  is  so  low  as  to  detain  pollution  a  long 
time,  then  the  river  will  be  practically  a  hmg,  narrow  reservoir,  affording  conditions morp or 
less  favorable  for  s<>lf-purilication.  But  the  rate  of  flow  depends  on  8lof>e,  cross  section,  tod 
quantity  of  wat<»r.  The  slope  of  the  Allegheny  from  the  mouth  of  Clarion  River  to  PitU- 
burg,  a  distance  of  approximately  85  miles,  is  al>out  1.95  feet  to  the  mile.  The  lower  slope 
of  Monongahela  River  would  tend  to  less(»n  the  velocity  of  the  water  and  lengthen  the  period 
of  detention.     The  latter  may  be  said  to  be  inversely  proportional  to  the  rapidity  of  flow,  or 

Detention^=       ,    whore  V  =c^  fj~ 

the  Cliezy  fonnula  usually  employed  in  computation  of  flow  in  open  channels.  If  fairly  accu- 
rate data  were  obtainable  for  cross  sections  of  the  two  streams  at  numerous  pointjs,  the  fo^ 
mula  could  be  used  to  express  numerically  the  degree  of  detention,  and  hence  the  degree  of 
self-purification  going  on  in  a  given  stream.  In  this  case  the  lack  of  such  data  is  complicated 
by  the  fact  that  the  Monongahela  is  so  completely  canalized  below  Greensboro  as  to  make  the 
slope  above  calculated  valueless  for  this  discussion,  as  the  fall  of  each  slack-water  basin  is 
practically  zero.  At  low  water,  therefore,  the  velocity  of  the  water  is  so  very  slight  as  to 
give  an  enormously  high  value  for  detention  in  the  proposed  formula,  pointing  to  an  infi- 
nitely high  degree  of  purification.  For  streams  not  canalized  the  degree  of  self-purification 
would  seem  to  be  directly  determinable. 

If  pollution  Ix^  supposed  to  enter  the  Afonongahela  at  Greensboro  only  and  all  sources  of 
contamination  below  that  point  to  be  eliminated,  the  degree  of  self-puriflc^ition  going  on  in 
the  80  miles  under  discussion  is  so  high  that  it  is  conctMvable  that  the  water  might  be  com- 
pletely purified.  But  it  is  not  at  all  certain  that  this  is  the  case.  It  is  now  agreed  by  sani- 
tarians that  the  process  of  si»lf-purilication  can  hardly  Ik*  complete  and  perfect,  and  that 
tluTofore  it  can  not  be  depended  upon  as  suflicient  in  its^^lf  to  assure  a  pure  supply. 

The  main  factors  in  s4»lf-])urilicHtion  are  evidently  oxidation,  dilution,  and  sedimentation, 
and  for  the  last  the  term  "detention"  is  proposed  as  more  properly  expressing  the  time  ele- 
ment necissary.     As  far  as  oxygm  is  coruMTued  it  has  long  Ijeen  known  that  the  typhoid 
bacillus,  the  very  organism  it  is  desired  to  eliminate  from  water,  "grows  most  abundantly  io 
lln'  j)resen('<»  of  free  oxygen,"  though  '*  it  may  also  develop  in  its  absence. "«     It  is  well  known 
to  bacteriologists  that  "the  great   majority  of  pathogenic  bacteria  are  facultative  anaS- 
roK'S  "6  —that  is,  they  may  develop  with  or  withoiit  oxygen.     As  to  dilution  of  sewage,  Pro- 
fessor Se(l<:wick  believes  that  I  gallon  of  scnvage  dumiH'd  into  Illinois  River  might  cause 
trouble  in  the  wat<»r  supplies  below.     Without  going  to  this  extreme,  it  is  perfectly  evident 
that  no  lines  can  be  drawn  between  ''sufTicient  "  and  ''insufficient''  dilution.     It  takes  little 
sewage,  eompared  to  the  volume  of  the  stream,  to  eaus<*  an  offensive  appeurancSe.     Very 
little  is  necessary  to  poison  tlie  water  for  drinking.     The  question  resolves  itself  into  one 
of  the  vitality  of    pathogenic  oi-ganisms  in  water,  a  question  discussed  later  in  this  paper. 

The  exact  amount  of  self-purification  du(»  to  s<'dimentation  can  not  be  stated  positively. 
Turbidity  has  a  great  influence  on  purification  by  .s<^dim<'ntation,  for  turbid  water  cont4iins 
many  heavy  particles  which  settle  to  the  bottom,  entangling  and  carrying  with  them  great 
numlx^rs  of  bacteria  as  they  go  down.  Long  detention,  therefore,  will  c^iise  turbid  water  tc 
become  not  only  clearer,  but  remarkably  better  in  quality,  by  causing  the  greater  part  of  the 
pollution  to  s<'ttle  to  the  l)ottom.  In  running  wat<»r  sedimentation  can  not  occur  to  any 
great  degree  unless  the  current  is  retarded  by  obstacles,  natural  or  otherwise,  which  convert 


a  Sternberg,  Buct.,  IWW,  p.  3.W  «•  Muir  ji:k1  Ritchio.  Ruct.,  1899,  p.  23. 


54,000: 134,000:  :  900.000:  x,  whence 
a;=2,233,000, 

MJtly  the  population  of  the  Illinois  drainage  area.  The  volumes  of  the  two  streams 
even  allowing  for  errors  in  estimating,  are  practically  directly  proportional  to  the 
1  served.  There  are  numerous  lakes  and  sluggish  reaches  on  Illinois  River  where 
practically  zero,  So  that  there  is  probably  as  much  opportunity  for  self-purifioa- 
ftention  in  that  stream  as  in  any.  It  is  unnecessary  to  enter  into  further  details. 
nt  that  the  uncertainty  of  self-purification  on  over  100  miles  of  Illinois  River  ap- 
great  force  to  the  conditions  on  the  Monongahela,  notwithstanding  the  di (Terence 
tion. 

Lory  of  epidemics  has  repeatedly  shown  that  it  is  not  necessarily  an  extensive  out- 
jrphoid  that  starts  another  below  it,  but  that  one  or  two  cases  may  infect  a  largo 
1.    A  few  instances  will  be  given.     The  t>'phoid-fcver  epidemic  at  Lowell,  pre- 
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Dto  a  chain  of  pools,  and  the  greater  the  number  of  pools  or  reaches  on  the  river 

39er  together  they  are  the  more  will  self-purification  be  assisted. 

I  pond  at  Lowell,  Mass.,  is  16  miles  long.     The  well-known  epidemic  of  typhoid 

is  place  was  traced  to  dejecta,  principally  from  one  patient,  which  entered  a  lai^e 

n  an  overhanging  outhouse^  was  delivered  into  the  Merrimac,  and  reached  the 

he  waterworks.     At  Lawrence,  Mass.,  an  equally  well-known  epidemic  was  caused 

linated  water  which  had  been  kept  in  the  storage  reservoir  two  week^,  with  excel- 

tunity  for  sedimentation.    At  Covington,  Ky.,  the  badly  polluted  water  of  Ohio 

tpt  at  times  as  long  as  thirty-two  days,  yet  Covington  suffers  severely  from  typhoid 

;  New  Albany,  Ind.,  the  water  supplied  to  the  city  is  stored  for  a  month  before  it  is 

here  is  much  typhoid  fever.a  These  instances  show  that  sedimentation  alone,  under 

oditions,  does  not  make  contaminated  water  safe.  Settling  basins  alone  an>  not  an 

id  adequate  means  of  purifying  the  sewage  discharged  into  a  stream. 

*  evidence  on  this  head  is  supplied  by  the  schematic  representation  made  for  the 

Streams  (Examination  for  the  Sanitary  District  of  Chicago,  showing  the  belief  of 

r  bacteriologists  that  the  polluted  water  from  Chicago  is  completely  purified  by  the 

cbes  Avery ville.    The  drawing  shows  pollution  in  heavy  black  shading;  lightening 

ification  goes  on,  proceeding  down  the  river.     The  pollution  is  heaviest  at  Chicago 

ally  thins  out  until  it  reaches  Averyville,  when  it  disappears,  to  be  renewed  pres- 

;he  sewage  of  Peoria.    This  diagram  is  the  result,  presented  in  graphic  form,  of 

bacteriological  analyses  of  the  river  water  by  the  commission.     The  distance  from 

)  Henry,  where  the  sewage  has  very  largely  disappeared,  is  about  114  miles;  from  :*i 

)  Averyville,  where  apparently  it  has  wholly  disappeared,  about  142  miles;  from  ijij^ 

th  its  heavy  pollution,  to  Kampsville,  where  it  is  claimed  that  that  pollution  has  'i[3 

?d,  about  150  miles.    Therefore,  without  going  into  the  merits  of  the  Chicago-St.  j;  ■» 

troversy  at  all,  it  may  be  said  that  both  parties  agree  that  within  about  100  miles  of  ;. '  * 

(  of  pollution  self-purification  is  so  incomplete  that  contamination  is  recognizable,  f^p^ 

he  infection  of  a  stream  of  the  character  of  the  Illi  nois  by  the  sewage  of  Clucago  may  :  '.I" 

wis  to  the  health  of  communities  using  the  infected  water  raw  within  that  distance.  , .    ' 

3ns  on  one  stream  can  not  be  exactly  like  those  on  another.    Illinois  River,  carry-  .    '] 

?age  of  an  immense  population,  is  not  in  any  respect  exactly  like  the  Monongahela.  '  •:.'  i 

iparison  of  the  two  streams  brings  out  similarities.    The  discharge  of  the  Monon-  i,^  .♦ 

;  been  computed  at  roughly  900  cubic  feet  per  second  or  54,000  cubic  feet  f>er  min-  ;■ ;  rj 

t  of  Illinois  River  at  Peoria  at  the  same  season  of  the  same  year,  in  Septeml^er,  'JiS 

about  15,000  cubic  feet  per  second  or  900,000  cubic  feet  per  minute.     The  popula-  '  j 

J  Monongahela  drainage  area  above  and  including  McKeesport  may  be  assumed  at  =.  •  ;• 

,000.     That  of  the  Illinois  River  drtiinage  area  above  Peoria  would  probably  be  at  ■.''..  \ 

)/XX).    These  figures  show  the  proportion — 


i 


1   .: 
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viously  rcferrt^d  to,  wuh  traced  to  coDtamination  from  but  one  or  two  cases.  The  New  Ilavi 
epidemic  was  caused  by  dejecta  from  typhoid-fovcr  patients  in  one  family  passing  into  t\ 
water-supply  rc»servoir.  In  tbe  Windsor  epidemic  infection  was  washed  by  ordinary  nil 
into  H  snmll  thrt^ad  of  a  stream  and  thence  into  a  lai^r  brook,  which  delivered  it  into  tbe  re 
er\'()ir.  The  epidemic  at  Itliaca,  wliich  attracted  so  much  attention,  was  duo  to  the  u'ashin 
into  the  city  supply  of  fecal  matter  deposited  on  the  watershed.  Scorc-s  of  similar  cise 
could  I>e  cited.  The  smaller  population  of  the  Monongahela  is  therefore  no  bar  to  the  spieii 
of  typhoid  fever  by  the  use  of  the  raw  water.  The  industries  along  the  river  employ  manj 
fon'ign  lulwrcrs— ignorant,  uneducjited,  and  of  imcleanly  habits — ^whoso  dejecta  all  go  inU 
the  stream.  This  fact  is  wtII  known,  and  the  sole  protection  of  the  conmiunities  using  tlM 
water  has  })ei*n  the  gc^rmicidal  effect  of  detention  in  the  chain  of  slack-water  basins  that  con* 
stitute  the  lower  Monongahela.  It  is  dear  that  such  purification  is  not  certain  nor  perfect, 
and  that  there  is  grave  risk  in  using  this  water  raw. 

The  foregoing  discussion  started  from  the  tentative  assumption  that  no  pollution  enten 
the  M(mongaheIa  Ix^low  (m^nsbon),  and  it  has  been  shown  that  contamination  introduced 
at  that  point  may  live  to  reach  the  mouth  of  the  river.  As  a  matter  of  fact,  howeveT,  fwi 
and  dangerous  sewage  pollution  enters  the  stream  at  hundreds  of  places  below  Greensboro, 
sometimes  in  enonnous  quantity.  The  real  efficiency  of  the  detention  going  on  in  the  80 
miles  of  slack  water  is  therefore  measured  by  the  efficiency  of  the  last  basin  receiving  pollu- 
tion or  the  last  basin  on  the  river.  The  alK)ve  discussion  makes  it  evident  that  such  a  btfflii, 
even  .several  miles  long,  can  not  lx»  relied  upon  to  completely  purify  polluted  water. 

Nor  .should  it  Iw  forg«>tt4^n  that  to  .settle  the  bacilli  to  the  bottom  of  the  basin  is  by  do 
menus  to  got  rid  of  them.  If  by  any  means  the  mass  of  corruption  at  the  bottom  is  dii- 
turlx'd,  there  is  nothing  to  prevent  it  from  Iwing  returned  to  the  stream  to  bo  carried  down 
to  hreed  dis<'u.si»  in  towns  U'low.  This  has  l>een  shown  by  the  typhoid  epidemic  at  Detroit, 
which  rc.*!ulted  from  the  disturbance  of  sewage  deposits  in  the  bed  of  Black  River  at  Port 
Huron.  This  caus<»d  sediment  to  be  carried  down  St.  Clair  River  through  St.  Clair  Lib 
into  the  intake  of  the  wuter^vo^ks.«  Professor  Sedgwick  well  sums  up  the  situation  a 
follows: 

Darns  undoubtedly  so  far  as  thoy  produce  slack  water  or  qulesccneo  favor  purification  and  the  dis»P 
r)oarame  of  disease  gorms  f«»r  the  time  l>eing;  but  if  the  sediment  or  sludge  is  allowed  to  remain  in  tb 
bottom  of  the  .•stream  and  not  removed  artificially  or  taken  out  and  put  off  out  of  a  position  of  dwi^ 
the  chantos  are  g(>o«l.  as  exjx'rience  shows,  that  in  freshets  it  may  bo  returned  to  the  stream  again,  b* 
conn'ji  pHrtof  if.  travel  with  it.  and  produce  troubh'lx^low.  Thatwas  thecaseatNcwburyport.  *  • 
The  Merrimac  is  often  a  series  of  mill  ponds  or  a  series  of  (piiet  lakes  in  which  nedimentjitton  goeso 
niwiy.  and  the  water  shows  great  iMirifuation  at  such  times,  but  just  as  soon  an  a  thunder  tthower  com* 
[scouring  takes  place  with  the  ris(!  of  the  stream]. 

In  other  words,  detention  wliilc  undoubtedly  of  very  great  value  in  many  ca.ses  docs  n< 
and  ran  nof  take  the  ])Iuce  of  steady  and  regulnr  purification  of  the  stream  by  such  a  proce 
as  sand  filtration,  so  that  however  great  may  U'  the  improvement  by  detention  the  detaim 
water  must  always  l)e  n^gnrded  with  suspicion  and  once  polluted  can  not  be  considered  pc 
f<M'tly  .safe  for  drinking  without  being  filtered. 

It  can  not  Ik*  held  that  the  greater  dilution  of  sewage  in  the  Monongahela  in  times  of  flo< 
is  of  assistance  in  purification.  In  the  first  place  it  is  sufficiently  evident  that  mere  diluti< 
can  not  U'  a  complete  safeguard.  In  tbe  second  place  all  the  beneficial  effects  of  detenti< 
gained  l>y  the  .slow  current  in  the  river  may  lx»  nullified  by  a  slight  increase  in  velocity. 

The  addition  of  such  a  volume  of  liquid  as  passes  through  the  Drainage  Canal  must  often  materia 
quicken  the  flow  of  the  Illinois  River.    It  must,  therefore,  hinder  ellective  sedimentation,  and 
thus  shortening  the  time  rrtjuin'd  for  infectious  germs  to  pass  through  the  river  and  byinterfeii 
with  Ihfir  tletention  acgravate  the  danger  of  their  arrival  at  the  mouth  of  the  river.    ♦    *    *    t 
t'me  allowed  in  these  matters  is  very  imj>ortant.  so  that  any  quickening  of  flow  is  a  grave consideratioi 

How  much  more  grave  Ix^comes  the  interference  with  purification  when  a  stream  like  t 
Monongahela  rises  within  a  few  days,  as  it  did  twice  in  March,  1905,  fnjni  about  9,000  cul 

o  Sedgwick,  \V.  T.,  Test,  Chicago  Com.,  vol.  3. 
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second  to  over  40,000  cubic  feet  per  second,  or  from  540,000  cubic  feet  per  minute, 
x*tenths  of  the  diachai^ge  of  Illinois  River  at  Peoria,  to  over  2,400,000  cubic  feet  per 
nearly  three  times  the  discharge  of  the  Illinois.  This  enormous  increase  in  volume 
1  to  wash  out  the  great  mass  of  poUution  that  has  accumulated  at  the  bottom,  which 
»krried  downstream  into  the  water  supply  of  every  city  that  uses  the  river  water  raw. 
irease  in  the  speed  of  the  current  increases  the  liability  to  the  spread  of  typhoid  fever 
be  conditions  given. 

ACID  MINE  DBAINAQE. 

)  remains  for  discussion  the  theory  held  by  some  persons  that  the  mine  wastes  that 
[onongahela  River  along  much  of  its  course  containing  much  acid  are  sufTicientiy 
dal  in  their  effects  to  insure  reasonable  safety  in  the  use  of  this  water  in  its  raw  state. 
Delusion  is  not  warranted  by  the  facte. 

nine'  wastes  present  in  this  stream  enter  principally  in  the  form  of  ferrous  sulphate, 
free  sulphuric  acid  is  sometimes  distinguishable.  The  lime  content  of  the  stream  is 
rable,  and  this,  together  with  the  free  acid  and  sulphate  of  iron,  evidently  brings 
coagulation  and  sedimentation  which  also  drags  down  the  organic  impurities.  This 
s  similar  to  that  of  the  coagulating  processes  used  extensively  in  mechanical  filter 
\8  a  preliminary  to  filtration.  As  is  shown  by  the  tables  given  below,  this  process  is 
n  clearing  a  muddy  or  highly  colored  water,  such  as  that  of  Mississippi  River;  but 
t  practically  unanimous  opinion  of  engineers  that  such  purification,  although  exceed- 
iluable  in  many  cases  and  indispensable  in  some,  can  be  regarded  only  as  a  prepara- 
the  water  for  filtration  and  is  by  no  means  as  adequate  in  itself  to  assure  its  safety 
iking. 

treatment  of  the  St.  Ix>uis  water  supply  by  this  process  has  attracted  attention,  and 
xied  by  local ■  authorities  as  sufficient  to  safeguard  the  public  health.  Doctor 
1S8,  city  bacteriologist  of  St.  Louis,  admitted  before  the  American  Public  Health 
tion,  in  1905,  that  the  chemicals  are  added  for  coagulating  purposes  only,  and  that 
apletion  of  the  process  of  purification  must  be  accomplished  by  filtration.  This 
»nt  of  contaminated  water  for  use  as  a  source  of  city  supply,  without  filtration,  can 
rded  only  as  a  deWce  for  diminishing  danger,  not  as  a  means  of  abolishing  it.  '*  It 
•t  provide  pure  water  for  the  city.  It  is  simply  a  makeshift. "o 
ercentage  of  efficiency  in  removing  bacteria  seems  at  first  glance  very  high,  as  is 
in  the  table  herewith: 


F^fficiency  of  coagulation  at  St.  Louis  waterworks  in  removing  bacteria. 


Week  commencing— 


19(H. 


NiinU>er    I    Number    |    Niinif>er 
of  bac'to.ria '  of  l>actcria   of  bai-tcriu 


!u  nvor 
water. 


in  outlet 
water. 


19,  (XK) 

1S7,  rm 

34,  (XX) 
13f).  500 

22.  'm 
la^  500 

45.  (K>0 
30,  (XX) 
24.000 
10.  (XK) 
3S.0()O 
2(».(KK) 


8.22.'") 
2, 850 
1.800 
37. 500 
(500 
3,. 500 
1.100 

l.WX) 
4,:iOO 


8,700  I 


in  tup 
water. 


IVrenntHKO 
of  bJM'teria 
removed 
between  i 
river  in-  | 
take  and  ; 
outlet.     I 


037 
9,200 

,5.50 

t,950 
5.50 

;,250 
750 
600 

1,000 
5(X) 
6;50 

32:j  I 


rereentape 
of  bacteria 
removed 
))etween 
river  in- 
take and 
tap. 


1,5.50 

76 

3,950 

98 

5.50 

92 

16,250 

64 

750 

99 

600 

89 

2,000 

95. 5 

:m 

97 

96 

8-1 


91 

95 

95. 5 

97 

98 

8.5 

98 

98 

92 

97 

98 

98. 8 
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Efficiency  ofcoaguUUion  ai  St.  Louis  waterworks  in  removing  bacteria — Oontinuei 


Week  oommenclng— 


Number 

of  bacteria 

in  river 

water. 


Number 

of  bacteria 

in  outlet 

water. 


Number 

of  bacteria 

in  tap 

water. 


Percentage  Pen 
of  bacteria  of  b 


removed 
between 
river  in- 
take and 
outlet. 


bel 
riv 
tak 

t 


1904. 


August  12 

August  15 

August  19 

August  26 

September  2.. 
September  9.. 
September  16. 
September  23. 
September  30. 
November  18. . 
November  25. . 


27,000 
14,000 
10,575 
9,150 
2,100 
17,750 
11,275 
14,375 
25,475 
8,125 
40,000 


2,500 

3,200 

450 

300 

200 


4,550 
300 
300 
300 

6,100 


1,100 

1,550 

500 

30 

20 

75 

600 

376 

•  55 

950 

1,000 


91 
77 
96 
97 
91 


60 
98 
99 
97 
85 


Average. 


87.4 


The  cflScioncy  of  a  purification  system  may  very  justly  be  held  to  be  the  lowest  pc 
age  of  removal  of  bacteria  that  it  accomplishes.  On  this  basis  the  efficiency  of  this  s 
would  be  low  indeed,  sometimes  going  down  to  76  per  cent,  and  apparently  not  unde 
influences  as  can  be  controlled  or  regulated.  The  average  removal  of  bacteria  at  the 
of  the  sedimentation  reser\'oirs  is  79  per  cent,  and  in  the  city  taps  is  94  per  cent, 
latter  figure  be  accepted  as  the  regular  daily  performance  of  the  process,  it  c«n  not  I 
sidered  thomugh  enough  to  warrant  the  use  of  the  treated  water  without  filtration.  Ell 
sand  filtration  will  remove  over  99  per  cent  of  the  bacterial  contents  of  polluted  v 
Tlie  difference — alK)ut  5  percent— may  mean  a  great  deal  if  the  original  bacterial  conl 
the  water  be  high  and  the  sources  of  pollution  not  far  removeH.  The  experience  ol 
rence,  Ma.ss.,  is  significant.  At  tiiis  city  93  or  94  jht  cent  of  the  total  number  of  the  ba 
the  polluted  Morrinmc  River  water  wen*  removed  by  storage  in  the  city  reservoir, 
theloss  typhoid-fever  epidemics  recurred  year  after  year,  showing  that  enough  po 
was  left  to  spread  dis<»jLse.  The  death  rate  from  typhoid  fever  in  this  city  is  now 
the  lowest  in  Massnohusetts,  with  the  filters  removing  99  per  cent  of  the  pollution 
dilFerence  of  5  |)cr  cent  there  was  evidently  the  difference  l>etween  a  poisoned  supp 
a  healthful  one/' 

Tlie  treatment  at  iSt.  Tyouis  is  made  with  gi-eat  care,  under  the  best  conditions,  calc 
quantities  of  chemicals  being  added  to  the  water,  which  is  sedimented  in  basins  not  e: 
to  uncontrolled  or  irregular  variations  in  depth,  wind  action,  vehxiity  of  flow,  quan 
water,  etc.  Nevertheless,  as  shown  alM)ve,  the  degree  of  purification  is  not  suflici 
make  a  water  so  treated  safe  without  subse(|uent  filtration. 

How  much  efficiency,  in  the  face  of  the  above  evidence,  can  l)e  claimed  for  the  coi 
ing  process  going  on  in  the  Monongahela  River,  with  every  element  of  the  problem  d 
ent  on  chanced  Even  if  the  process  were  carried  on  under  the  most  favorable  con« 
purification  could  not  Ik.*  ex]M»cted  in  the  Monongahela  water,  because  the  chemicj 
not  present  in  sufficient  amount.  At  St.  Ijouis,  iron  is  added  to  the  water  at  the  i 
from  one-half  to  three  grains  jmt  gallon.  The  minimum  rate,  one-lialf  grain,  is  e(|ui 
to  H\  parts  per  million  of  iron,  which  is  necessary  to  purify  the  water  in  the  partial 
already  descrilKui:  the  water  of  the  Monongahela  River  generally  contains  loss  tin 
part  per  million  of  iron,  and  si'ldom  more  than  four. 6  ^ 


o  Clark.  H.  W..  Am.  Pub.  Health.  XXX. 

b  Kept.  Pittsburg  Filtration  loin.,  Analyses,  p.  271. 
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He  poasilHlity  that  there  is  enough  free  acid  in  the  water  to  destroy  pathogenic  bacteria 
is  wortbj  of  consideration. 

Tlie  experiments  made  by  various  workers  to  determine  the  germicidal  efiScacy  of  sul- 
phuric acid  have  been  sufficiently  numerous  and  extended  to  permit  definite  conclusions 

00  the  question  to  be  formed.  Many  years  ago  Koch  a  first  announced  that  the  cholera 
btcillus  was  fatally  affected  by  acid  solutions.  Subsequently,  Kitasato^  showed  that 
cholera  bacilli  are  destroyed  in  a  few  hours  by  hydrochloric  and  sulphuric  acids.  Davaine<: 
had  shown  that  the  bacilli  of  anthrax  are  destroyed  by  sulphuric  acid  in  the  proportion  of 

1  to  5,000  and  that  the  bacilli  of  septicemia  are  destroyed  by  the  acid  in  the  strength  of  1  to 
1,500.  In  Sternberg's  experiments  of  1885  it  was  shown  that  the  multiplication  of  putre- 
fictive  bacteria  was  prevented  by  the  presence  in  a  culture  solution  of  sulphuric  acid  in  the 
strength  of  1  to  800,  and  the  micrococci  of  pus  were  destroyed  in  two  hours  by  the  pres- 
ence of  the  acid  in  a  solution  of  1  to  200.  The  work  of  Boer,  quoted  by  Stemberg,d  showed 
the  germicidal  effect  of  sulphuric  acid  on  the  following  organisms: 

The  anthrax  bacillus  was  destroyed  in  two  hours  in  a  solution  of  1  to  1,300. 

The  diphtheria  bacillus  was  destroyed  in  two  hours  by  a  solution  of  1  to  500. 

The  typhoid  bacillus  was  destroyed  by  a  solution  of  1  to  1 ,550. 

ThespirUlum  of  Asiatic  cholera  was  destroyed  in  two  hours  by  a  solution  of  1  to  1,300. 

Stutzer  showed «  a  solution  of  0.05  per  cent  of  sulphuric  acid  was  fatal  to  cholera  bacilli 
in  fifteen  minutes.  A  weaker  solution  (0.02  per  cent)  took  twenty-four  hours  to  kill  the 
<H]p[anism8,  while  a  0.03  per  cent  solution  failed  to  kill  the  bacteria  in  five  hours.  As  a 
result  of  his  experiments,  he  estimates  that  100  kilos  of  sulphuric  acid  at  60^  Bcaum^  would 
•iianfect  40,000  liters  of  water,  a  strength  of  1 :400,  or  1  pound  of  acid  to  40  gallons  of 
watery  In  the  same  year  Doctor  Ivanhoff  showed^  that  a  0.04  per  cent  solution  of  sul- 
phuric acid  destroys  cholera  bacilli  in  Berlin  sewage  and  an  0.08  per  cent  solution  destroys 
the  organisms  in  Potsdam  sewage.  Rohe  showed  that  sulphuric  acid  in  a  proportion  of  1 
to  800  is  antiseptic  in  some  cases.  He  does  not  believe,  however,  that  it  can  lye  depended 
upon  as  a  general  antiseptic.^  The  experiments  of  Kitasato  quoted  by  Ridcal  f  show  that 
ID  a  0.049  per  cent  solution  of  sulphuric  acid  there  is  growth  of  bacteria ;  in  a  0.065  per 
«nt  solution  growth  is  restrained ;  in  a  0.08  per  cent  solution  growth  cases.  The  experi- 
inents  of  Rideal  and  Parkes  in  1900,  to  devise  a  portable  disinfectant  for  use  by  soldiers  in 
purifying  drinking  water,  showed  that  chemically  pure  sulphuric  acid  diluted  in  the  pro- 
portion of  20  minims  to  the  pint  of  infected  water  reduced  the  number  of  bacilli  in  fifteen 
Dibutes  and  killed  them  in  forty-five  minutes.  The  amount  of  water  used  was  750  cubic 
centimeters,  which  was  infected  with  1  drop  of  a  twenty-four-hour  37-degree  broth  culture 
of  hacillus  typhosus.  Further,  100  cubic  centimeters  of  boiled  water  infected  with  1  cubic 
centimeter  of  the  same  culture  gave  the  follow^ing  results,  the  plus  (+)  sign  indicating  the 
pieaence  of  the  organisms,  the  minus  (=)  sign  their  absence: 

Effects  ofstdphuric  acid  on  hacUli. 


Minims  per  pint  of  infected 

Results. 

water. 

7)  minutes. 

15  minutes. 

30  minutes. 

45  minutes. 

60  minutes. 

2  hours. 

ao 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

li 

10 

+ 

a  Virus  de  Septic6mie;  Gas.  Med.,  Jan.  10,  1874. 

b  Quoted  in  Sternberg,  Bact.,  1896. 

e  Bact.,  1896. 

d  Zelt.  fUr  Hyg.,  1893,  p.  116,  (jiioted  by  KIdeal. 

*  Disinfection  and  Preservation  of  Fr)od,  VMi,  p.  375. 
/The  English  imperial  gallon  is  etiuivalent  to  10  pounds. 
g  Zeit.  fQr  Hyg..  1893,  p.  86. 

*  Hyg.,  1880,  p.  357. 
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T}h'  lar^^st  iiniounl  used,  20  inininiA  to  t\w  pint,  or  1: 384,  about  2,600  parts  per  million, 
would  take  »n  hour  to  kill  typhoid  Imriili  under  conditions  closeJy  resembling  the  irtutl 
conditions. 

Tlu^  mast  iin{xjrtunt  of  ull  cxp(*rimpnt^i  of  this  kind,  perhaps,  and  those  which  applrmo^ 
closely  to  tln»  problem  under  discussion,  wen*  those  made  by  Rideal  to  determine  thevittl- 
ity  of  the  typhoid  orpmism.  Typhoid-fever  bacilli  were  introduced  into  impure  wittfr, 
which  was  kept  ut  nx)m  temperature,  with  the  following  results: 

Kfftti  ofHulphwic  acid  on  typhoid  fetter  baeiUL 


Stri'ii^Ui 

()(  Hdlutioil. 

Time  of 
expoHuro. 

UOHUltB. 

Per  crnt. 

'   i 

7/OttM.         ! 

0.02.-. 

30    , 

Killed. 

AW 

i| 

Alive. 

•  UW 

20    1 

Alive. 

.a«) 

ii 

Killed. 

.(KW 

1 

KUled. 

Hi 

I 


All  these  experiments  show  conclusively  that  sulphuric  acid  can  and  does  kill  orguaf^  I 
in  water,  but  the  (}uestioM  n>mains,  IIow  far  mrv  these  facts  applicable  to  the  problem  «  i 
the  purification  of  tiie  water  in  Youjrhitipheny  River?  * 

CVrtain  conditions  in  tlie  problem  under  discnission  show  that  the  action  of  the  acid  ^    \ 
valueless  as  a  means  of  purilitrati»»n.  » 

1.  Thert?  is  never  sullii'ient  acid  to  do  the  work. 

2.  It  is  imiK)ssii)le  to  apply  tiie  acid  in  constant  quantity,  owing  to  the  wide  variati^ 
in  I  he  flow  i>otli  <^f  the  stream  and  tlie  acid,  tfie  former  Ix'ing  subject  to  wide  and  rapid  var>^ 
tioii,  wiiile  the  flow  of  acid  may  Ik>  as  hi;;h  as ;{()  or  -10  parts  per  million  at  some  periods  i^^ 
may  cense  alfojrctlier  at  others,  as  shown  by  the  analyses. 

Rideal's  experiments  sliow  that  a  0.02o  jxt  cent  sulphuric-acid  solution,  equivalent    ^^ 
2'j()  parts  ]>er  million,  n*<[uires  2()  hours  «»xiK)sure  in  impure  wat<»r  at  room  temperature  ^ 
kill  typhoid  bariiii.  wiiile  a  sohition  of  li'i)  parts  jxt  million  (0.035  per  cent)  will  kill  it^ 
orjranisms  in  lialf  an  lioiir.     There  is  never  so  nnich  sulphuric  acid  in  the  water  of  Monor^' 
pihelii  or  Vuu^hio^iieny  rivers.     As  shown  aiH)ve,  at  one  time,  in  August,  1905,  the  amoui^- 
was  s<>  siiinll  iis  to  Im'  undistint^ui^hable  by  field-assay  methods  which  readily  distinguish  •^^ 
slight  tnice.  uituHintin^  pos-sjlily  to  oniMiftieth  part  per  million.    Hie  analyses  made  f o '^ 
the  city  of  McKees])ort,  referred  to  al)ove,  show  14  parts  p<T  million  of  the  acid  uniformly 
distrihuted  thri)u;:h  tlie  Ixxiy  of  the  stream  and  never  as  many  as  100  parts  per  million^ 
exee[>t  po'^<:ihly  at  isolated  [H)ints  immediately  Ixdow  the  outflow  of  mines.     It  is  clear^ 
therefore,  that  althou^rh  sulphuric  acid  is  a  pTmicidal  a^ent  under  favorable  conditions, 
such  e<.)iiditi(ins  do  not  and  can  not  v\\>i  in  the  rivers  under  discussion,  and  the  acid  can 
not  l)e  counted  on  to  purify  them  of  s«'waij:e  bacteria.     Even  if  there  were  more  acid  present, 
it  is  to  Iw  remeiiilH-red  that  its  stn'njrth  is  not  erjtirelv  available  for  the  elimination  of 
pathoi^enie  bacteria.     "A  chemical  disinfectant  will  frequently  combine  almost  instantly 
witii  oi'^anie  or  otlier  mattc-is  present  in  st'wajje,  thereby  Upcoming  partially  or  entirely 
inert  iM'foif  it  lias  time  to  attaek  the  bacteria.''"     If  2fX)  or  300  parts  per  million  of  sul- 
phuric acid  were  lK'in<;  iMaired  into  the  river,  there  is  so  much  lime  and  other  alkaline 
material  present  that  tin*  jirreatcr  part  of  tlie  acid  would  immediately  combine  with  these 
to  form  merely  a  neutral  sulpliati-  instead  of  [x-i-sisting  as  a  free  gernucide.    Tliis  difficulty 
has  lonj^  In-en  <Micounten'd  in  the  various  attempts  mode  to  chemically  sterilize  sewage. 
Sulphates  an*  not  germicidal  at  all.  and  only  moderately  ant i.scptic:  the  difference,  be  it 


a  Uidoal.  S.  S.,  DUInlvotion  and  I'rcsorvution  of  Food.    New  York,  J.  WUcy  &  Sons,  1903. 
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i^d,  for  noDtechoical  readers,  being  that  an  antiseptic  will  restrain  or  check  the  growth  of 
bscteria  while  germicides  kill  them.  Though  the  recent  notable  study  of  copper  sulphate 
fts  a  disinfectant  of  water  supplies  by  Moore  and  Kellerman  and  others  a  has  shown  that 
under  some  conditions  it  is  destructive  to  certain  forms  of  bacteria,  the  sulphates  of  lime 
and  magnesia  actually  encourage  the  growth  of  some  organisms,  while  the  sulphates  of 
iron  depend  for  their  antiseptic  power  not  on  the  acid  but  on  the  metallic  base  pre.sent;  and 
this  is  probably  the  effective  agent  in  the  copper  sulphate.  Miquel  classed  iron  sulphates 
as  moderately  antiseptic;  finding  that  11  grams  per  liter,  which  is  equivalent  to  1.1  per 
cent,  were  required  to  prevent  the  putrefaction  of  beef  juice— that  is,  to  prevent  the  growth 
of  putrefactive  bacteria  in  a  food  medium.  Certainly  no  such  enonnous  proportion  of  iron 
sulphate  (11,000  parts  per  million)  is  ever  present  in  the  river  water. 

The  people  who  have  been  using  this  water  on  the  assumption  that  it  is  free  from  danger- 
ous pollution  have  been  relying  principally  on  the  statement,  made  by  certain  persons  and 
repeated  by  others  without  investigation,  that  sulphuric  acid  is  a  germicide  and  that  there 
is  enough  of  it  in  the  stream  to  purify  the  Youghiogheny  Kiver  water.  In  depending  on 
the  antiseptic  action  of  sulphuric  acid  to  kill  pathogenic  organisms  in  Youghiogheny  Kiver 
water,  the  people  of  McKeesport  and  other  cities  drinking  such  water  are  making  a  mistake 
which  has  cost  many  lives^and  many  thousands  of  dollars  annually. 

PUBLIC  WATER  SUPPLY  AT  PITTSBURG,  PA. 

The  attention  of  sanitarians  has  for  years  been  focusscd  on  Pittsburg,  on  account  of  the 
notoriously  high  death  rate  from  typhoid  fever  in  that  city.  The  Pittsburg  Filtration 
Commission  of  1897  so  thoroughly  investigated  the  questions  of  the  pollution  of  the  present 
sources  of  supply  and  of  the  possible  sources  of  pure  water  as  to  make  extended  remark  on 
this  subject  quite  unnecessary  here.  The  preceding  discussion  of  the  quality  of  water  and 
drainage  on  both  watersheds  supplying  this  city  should  be  sufficient  to  show  the  character 
of  the  supply.  It  is  drawn  directly  from  the  running  streams,  without  attempt  at  purifi- 
cation, to  reservoirs  too  small  to  permit  sedimentation  for  periods  longer  than  a  few  days, 
after  which  the  water  enters  the  mains.  The  Filtration  Commission  sliowed  the  necessity 
for  immediate  and  thorough  filtration  of  the  water  if  the  typlioid  deatli  rati>  is  to  be  in  any 
great  degree  diminished,  taking  up  the  Allegheny  Kiver  watershed  in  detail. 

The  filtration  plant  now  in  course  of  erection  under  the  superintendence  of  Mr.  Morris 
Knowles  contemplates  the  use  of  Allegheny  Kiver  water  after  sand  filtration  of  the  most 
thorough  description.  The  plant  is  located  on  the  river  at  Aspinwull,  about  5  miles  north  of 
Pittsburg,  nearly  opposite  the  Brilliant  pumping  station.  The  new  pumps  on  the  Aspin- 
wall  side  will  pump  the  river  water  into  sedimentation  basins,  two  in  numl>or,  at  the  up|>er 
edge  of  the  site,  whence  the  somewhat  clarified  water  will  enter  the  central  chamber  and 
proceed  to  the  filter  beds,  of  which  there  will  be  oO  or  more,  as  the  needs  of  the  town  may 
require.  Although  some  difficulty  is  being  encountered  with  soft  ground,  necessitating  the 
driving  of  concrete  piles,  and  with  the  building  out  of  the  river  bank,  for  which  gravel  is 
being  dredged  from  the  river,  the  bank  being  faced  with  firmly  anchored  concrete  blocks, 
the  work  is  proceeding  rapidly,  a  few  of  the  filter  units  l)eing  already  finished.  PI.  IV 
ahow^  sections  of  the  work  imder  way.  The  vaulting  and  floors  of  the  filter  beds  are  of 
standard  construction  in  essential  features.  A  noteworthy  detail  is  the  filter  gallery 
between  beds,  a  concrete  passage  where  the  purified  water  as  it  leaves  the  filters  will  Ix) 
caught  and  carried  toward  the  river,  where  it  will  be  taken  up  by  the  Brilliant  pumps  and 
drawn  across  the  stream.  The  line  in  the  bed  of  tlie  stream  is  in  process  of  construction,  a 
cofferdam  being  built  out  from  the  ends  of  the  pure-water  pipes  to  the  Brilliant  side.  On 
the  ^Ispinwall  side  the  two  pure-water  pipes  have  l)een  so  constricted  as  to  fonn  two  huge 
Venturi  meters  for  the  measurement  of  the  pure  water  supplied  from  the  filters.  Tlie  view 
of  the  main  conduit  running  along  the  upper  side  of  the  l>eds  shows  a  small  portion  com- 
I^eted  and  the  grade  blocks  set  ready  for  further  construction.     When  completed  the  plant 


a  Jour.  New  England  W.  W.  Aspoc.,  1005. 
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should  be  one  of  the  finest  in  America,  and  will  probably  add  a  yory  importaot  cha 
the  history  of  decrease  in  typhoid  fever  with  filtration  of  a  polluted  supply. 

The  quality  of  these  river  waters  at  Pittsburg  is  shown  by  the  field  assays  of  ( 
streams  and  of  Ohio  River  below  their  confluence: 

Fidd  assays  ofwaUr  at  Pittsburg. 
[Parts  per  million.] 


Detennlnation. 


Allegheny 

Uiver  at 

Pittsburg. 


MoDonga- 

hola 

River  at 

Pittsburg. 


Mononga- 
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River  at 
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Ri 
Pit 


Turbidity  (SlOj) 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCOa) 

Alkalinity 

Sulphates  (SOj) 

Chlorides  (CI) 


0 
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1 

42 
26.5 
51.4 
ol5 
10.7 


70 
1.5 
65 
61 
23 
84 
16 


Cloudy. 
35 
1.5 
90 
85 
22.6 
83 
10.3 


a  Estimated. 

It  is  notable  that  though  the  two  Monongahela  samples  are  practically  identical  i 
sulphur  trioxide,  and  alkalinity  contents,  the  three  factors  which  best  show  the  ei 
mine  drainage,  the  Camogic  water  has  a  little  more  calciimi,  with  a  consequent  incr 
total  hardness.  ThLs  Ls  probably  due  in  part  to  the  absorption  of  calcium  from  the  re 
at  Carnegie,  in  part  to  the  possible  admixture  of  limestone  spring  water.  The  Soutl 
burg  Water  Company,  which  pumps  from  Monongahela  River,  supplies  the  SoutI 
several  wards  of  the  city  proper,  and  many  thousands  of  people  along  the  line 
Carnegie. 

The  turbidities  given  in  the  Allegheny  and  Monongahela  assays  are  only  approximi 
water  being  slightly  cloudy  in  both  cases.  The  turbidity  given  for  tihe  Ohio  River 
however,  is  the  result  of  careful  measurement  with  the  turbidity  rod,  and  shows  a  sigi 
increase  in  susixMided  matter. 

OHIO  RIVER  BASIN    BETWEEN    PITTSBURG,  PA.,  AND  BIG  Si 

RIVER.a 

GENE  HAL  STATEMENT. 

With  the  sewage  of  half  a  million  people  entering  the  stream,  besides  an  enormous  a 
of  drainage  from  mills  and  factories,  as  well  as  a  great  (|uantity  of  mat-erial  dumped  ii 
stream  from  the  numerous  craft  plying  in  the  three  rivers  at  this  point,  Ohio  Rivei 
Pittsburg  is  to  all  intents  and  purposi's  an  ojx^n  st^^wer.  The  increase  in  color  down 
tends  to  strengthen  this  view,  lus  does  the  inctrease  in  iron  content,  though  the  effect 
dilution  by  Allegheny  Kiver  is  to  lessen  thr  amount  of  sulphur  trioxido  in  the  water 
calcium  cont(?nt  is  practicalK^  an  average  of  that  of  the  two  streams.  The  chlorides 
much  higher  than  those  of  either  the  Allegheny  or  the  Monongahela  that  they  are  un 
edly  traceable  in  part  to  the  enormous  scnvage  contamination.  Bearing  in  mind  tl 
elusions  jilready  reached  with  res|)ect  to  the  (luick-spilling  character  of  these  watcrshc 
as  to  the  massing  of  p(»pulation  nrar  the  mouth  of  the  stream,  we  may  say  that  th 
gheny  alx>ve  Pittsburg  is  as  highly  infected  as  if  KMIJXK)  i)eople  were  massed  at  that 
and  that  the  Monongahela  is  as  badly  coiitaniinaicd  jls  if  there  were  a  similar  i 
located  on  its  course  immediately  above  Pittsburg.     The  population  of  Pittsbui^  b 


•  Pollution  on  trllmturles  of  oliio  liivcr  in  Ohio  is  distussed  in  Water-Sup.  and  Irr.  Paper  No. 
Geol.  Survey,  pp.  129-187. 
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nsi  dOOfiOO  it  may  safely  be  said  that  Ohio  River  below  Pittsburg  is  contaminated  by  the 
cwage  of  at  least  500,000  people,  which  enters  tlie  stream  untreated,  carrying  with  it 
xmtaminatioD  from  tliousands  of  typhoid-fever  cases,  of  a  virulence  sliown  by  the  tables 
rf  death  rate  from  this  disease  given  above.  Any  water  drawn  from  the  Ohio  at  this  point 
must  be  piurified  to  a  high  degree  in  order  to  be  safe  for  drinking.  The  only  sense  of  safety 
in  communities  using  this  water  is  derived  from  tlio  belief  that  there  is  a  tendency  in  polluted 
waters  toward  the  gradual  death  of  the  disease-producing  oi^anisms  it  contains — a  belief 
that  Is  firmly  entrenched  in  the  popular  mind.  The  tendency  is  not  always  in  this  direc- 
tion, the  supposition  that  conmion  water  bacteria  are  more  tenacious  of  life  in  infected 
water  than  the  pathogenic  oi^nisms  having  been  shown  by  some  workers  to  be  unfounded. 
Kooradia  has  shown  that  far  from  being  unfavorable  to  their  growth,  water  is  an  excel- 
kot  medium  for  the  culture  of  many  disease-producing  bacteria,  and  that  in  the  long 
run  it  is  they  which  8ur\'ive  over  the  water  bacteria.  Tiie  work  of  Mez  b  showed  tliat 
these  organisms  live  longer  in  sterilized  than  in  dirty  water,  and  that  therefore  pure  drink- 
ing water  once  infected  is  more  dangerous  than  foul  water,  a  conclusion  in  line  with  the  find- 
ings of  Frankland  and  Klein,  previously  quoted.  From  this  statement  as  a  beginning, 
Konradi  proceeded  to  experiment  with  the  anthrax  bacillus  and  its  spores,  Staphylococcus 
.  ypgenes  aureuSf  the  oi^ganism  of  pus,  and  the  typhoid  bacillus,  all  of  the  highest  importance 
in  this  connection.  He  found  that  the  ordinary  w^ater  bacteria  multiplied  greatly  for  a  time 
ifier  the  introduction  of  the  pathogenic  organisms,  and  then  began  to  die  out,  and  that  after 
wiying  periods,  the  foul  water,  being  kept  at  room  temperature,  was  found  to  contain  pure 
cultures  of  the  disease-producing  organisms,  which  retained  full  virulence  up  to  complete 
mporation.  For  the  anthrax  bacillus  and  its  spores  the  period  of  life  varied  from  264  to 
8l6dajs,  the  water  bacteria  in  the  medium  having  completely  disappeared  after  three  or  four 
weeks.  The  pus  organism  was  found  in  pure  culture  after  two  months,  and  retauied  its 
Tirulence  for  508  days.  The  bacillus  of  typhoid  fever  showed  a  similar  power  of  conquering 
the  water  bacteria,  which  lived  in  the  medium  for  four  months,  at  the  end  of  which  time 
the  bacillus  typhosus  was  in  pure  culture,  living  in  ordinary  tap  water  at  room  tem- 
perature for  499  days.  What  more  evidence  is  needed  of  the  ability  of  the  organisms  of 
vtter-bome  dise^tse  to  poison  a  water  as  far  as  drinking  purposes  are  concerned  for  a  long 
tuat,  admitting  the  pollution  to  cease,  instead  of  continuing  hourly  as  in  the  ca.ses  under 
consideration?  Even  steriUzed  water  is  found  to  allow  the  growth  of  anthrax  and  typhoid 
h*cilli;  though  not  of  the  pus  micrococci. 

It  remains  only  to  correlate  these  facts  with  the  long-admitted  disease-transmitting 
properties  of  water  to  make  it  clear  that  cities  on  the  Ohio  Kiver  immediately  lx»low  Pitts- 
huig  might  as  well  mix  a  well-kno^m  poison  with  pure  water  and  drink  it  as  use  the 
river  water  without  purification.  ''Among  the  carriers  of  vims,  water  is,  according  to 
^ present  state  of  our  knowledge,  by  far  the  most  important."^  "Not  only  is  typhoid 
*ieof  the  leading  causes  of  death  in  America,  but  the  greater  part  of  it  is  conveyed  directly 
<>rmdirectly  through  water. ''^  This  fact  has  l)een  so  long  established  not  only  by  scien- 
tific workers  in  the  laboratory,  but  by  long  and  costly  epidemics,  all  traceable  to  the  pol- 
Intion  of  city  supplies  by  typhoid-fever  dejecta,  that  it  is  unnecessary  to  go  further  into 
^t  question.  The  fact  is  clear  that  the  water  of  Ohio  Kiver  Inflow  Pittsburg  contains 
*  large  a  number  of  pathogenic  bacteria  as  absolutely  to  prohibit  its  use  for  drinking 
">  the  raw  state. 

CHARTIER8  CREEK. 

WiuhingUm,  Pa. — ^The  first  important  tributary  stream  below  Pittsburg  is  Chartiers 
^i'eek,  which  receives  the  drainage  of  Washington,  Pa.  (i)opulation  about  12,000).  The 
»tter  supply  of  this  town  is  obtained  from  filter  wells  on  the  banks  of  Chartiers  Creek, 
mixed  at  times  with  spring  water  from  gravity  sources.    The  position  of  the  wells  seems 
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to  indicate  that  thoy  are  drawing  largely  on  ground  water  on  its  way  to  the  stream 
not  fn)Di  the  creek  iU^elf .  That  this  is  not  sufficient  protection  is  shown  by  the  very  1 
mortality  rate  for  1902. 

Typhoid  mortality  at  Washingtonf  Pa. 


Year. 


lSd5 
1900 
1902 


Total 
deaths. 


75 
110 
158 


Typhoid  Typl 
deal 


Without  fuller  data  it.  is  not  possible  to  speak  with  certainty  of  this  supply.  It  cerU 
is  of  doubtful  quality.     A  field  assay  is  given  below. 

Canomburg,  Pa. — Canonsburg  (population  3,000),  below  Washington,  on  the  same  ci 
has  a  gravity  supply  from  a  spring-filled  reservoir,  supplemented  by  raw  water  from  C 
tiers  ('reek  when  the  water  company  deems  necessary.  The  field  assay  shows  the  p 
tic^l  identity  of  the  water  with  that  at  "Washington,  so  that  it  seems  likely  that  c 
water  is  used  much  of  the  time.  The  presence  of  typhoid  infection  in  Washington  sei 
is  undoubted,  and  the  likelihood  of  its  occurrence  in  the  water  supply  of  Canonsburg 
lows  naturally.  The  use  of  Chartiers  Creek  water  raw  is  therefore  ill-advised  and  < 
gerous.    No  figures  showing  typhoid  mortality  at  Canonsburg  are  available. 

OHIO  UIVER  FROM  M'I>ONALI>  TO  BEAVER  RIVER. 

McDonald,  Pa. — At  McDonald,  Pa.  (population  3,000),  which  drains  into  Ohio  K 
above  Sowicklev,  there  is  a  mixed  supply  of  a  highly  unsatisfactory  character  from  1 
coon  Creek  and  from  deep  wells.  The  water  shed  of  Racc<X)n  Creek  is  not,  so  far  as  km 
guarded  in  any  way,  and  the  tap  water  is  nearly  always  more  or  less  turbid.  The 
assay  sliows  a  highly  mineralized  profluct,  the  carbonates  being  lai^ly  due  to  the 
water,  whereas  the  high  turbidity  and  color  .show  a  surface  origin  from  swampy  drsii 
with  inadofjuatc  s(.»dimentation.  It  is  not  considered  a  good  water  for  either  domesti 
industrial  usc^s  in  its  present  condition. 

Field  assays  of  public  supplies  at  Wa^Mnrfion,  Canonsburg ^  and  McDonald. 

[Parts  permillion.] 


Determination. 


Washing- 
ton. 

CanoDA- 
buig. 

0 

a«) 

96 

180 

1.6 

Trace. 

107 

110 

130-1- 

130+ 

148 

120 

(«) 

a20 

7 

30 

McDoi 


Turbidity , 

Color 

Iron  (Fe) 

Calcium  (Ca)...: 

Total  hanincss  (as  CaCOj) . 

Alkalinity , 

Sulpha  tea  (SO3) 

Chlorides  (CI; 


a  Estimated. 


b  Slight  trace. 


ScwicJdey,  Pa. — The  greater  portion  of  the  population  Ixjtween  Pittsburg  and  Sewi( 
(population  4,000)  is  supplied  by  the  Monongahela  Water  Company,  operating  from  I 
burg.  The  Sewickley  supply  is  derived  partly  by  gravity  from  impounding  reser 
and  partly  from  the  Ohio  River  by  pumping  fmm  cribs  in  the  stream.  The  few  ana 
of  the  raw  and  the  efiluent  water  made  in  1897  for  the  Pittsburg  filtration  commi 
show  very  little  bacterial  purification. 
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Analyses  of  pMic  water  at  Sewieldey. 
[Parts  per  million.] 


Dat«. 


Wfttcr  analyzed. 


Turbidity. 

Albumin- 
oid am- 
monia. 

Free  am- 
monia. 

Nitrites. 

Nitrates. 

Chlorine. 

SUght 

0.110 

0.016 

None. 

0.750 

53.6 

Clear 

.325 

.018 

None. 

1.500 

37.4 

Sligbt 

.210 

.024 

None. 

.525 

20.2 

Slight 

.060 

.014 

None. 

.600 

23.4 

Slight;.... 

.138 

.046 

None. 

.525 

24.0 

Slight 

.140 

.040 

None. 

.600 

27.8 

Bacteria 
per  CO 


23,400 

910 

54,000 

9,500 

15,500 
14,100 


The  figures  for  1898  show  that  the  degree  of  purification  by  this  crib  is  uncertain  and 
anreliable,  and  that  the  water  supply  from  this  source  is  not  safe  for  domestic  purposes, 
lypfaoid-fever  statistics  confirm  this  view. 

Typhoid-fever  mortality  at  Seunckley,  Pa. 


Year. 

Total 
deaths. 

Typhoid 
cases. 

Typhoid 
deaths. 

1»6 

38 
33 
31 
47 
54 
53 
57 
49 
42 

a20 
O20 
0 
7 
16 
11 
7 
10 
17 

2 

1»7..               

2 

1806 

0 

18B9 

3 

1900 

0 

1901..      .              

3 

1902 

3 

1903 

2 

1904 

1 

The  percentages  of  deaths  by  typhoid  fever  are  very  high,  as  will  bo  evident  by  refer- 
ence to  those  of  Olean  and  Salamanca,  N.  Y.,  and  that  of  Bradford,  Pa.  The  percentages 
of  mortality  from  this  disease  at  Allegheny,  Pa.,  a  notorious  hotbed  of  typhoid  fever,  are 
M  follows  for  certain  years: 

Typhoid  mortality  at  Allegheny,  Pa. 


Year. 

Total 
deaths. 

Typhoid 
deaths. 

18M..                                          ...                                         ... 

1,962 
1,995 
1,778 

99 

1»6 

74 

1«7 

79 

m 

2,036 
2,109 

73 

m..                

135 

The  two  places  are  evidently  in  the  same  class,  so  far  as  the  prevalence  of  typhoid  fever  is 
conceraed.  Certainly  the  water  supply  of  Sewickley  is  not  beyond  suspicion.  The  experi- 
«ooe  of  New  Bethlehem,  Pa.  (.see  p.  2G),  a  town  of  only  half  the  size  of  Sewickley,  shows 
that  a  filtration  plant  is  not  beyond  thr  mouns  of  (ho  hitter  if  tho  citizens  can  bo  arcused  to 
to  appreciation  of  the  loss  annually  suffered  from  this  preventable  disease. 
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CoraopoliSf  Freedom,  and  Monaco. — Besides  Scwicklcy  there  are  throe  or  four  other  smiD 
towas  between  Pittsburg  and  Monaca,  wliere  Beaver  River  discliarges  into  the  Ohio.  Oon- 
opolis  (population  3.000),  a  little  al)ove  Sewickley,  also  pumps  from  a  crib  in  the  river.  TTie 
(jiiality  of  this  supply  is  evident  froin  the  iSewickley  figures.  Freedom  (population  2,000) 
also  planned  such  a  crib,  but  has  succeeded  in  making  arrangements  vriih  the  filtratioD 
plant  at  Beaver  Falls  for  a  supply.  Monaca  (population  3,000)  pumps  its  supply  from  deep 
wells  in  the  gravel  on  the  beach  of  the  river.     All  these  places  sewer  into  the  Ohio. 

«EAVKH  KIVKU  BASIX. 

SIIENANdO   RIVER. 

Greenville,  Pa. — Near  the  head  of  Shenango  River,  one  of  the  tributaries  of  the  Beaver, ii 
the  U)yn\  of  Clreenvillo  ({H)pulation  uUiut  r),(XK)).  It.s  water  supply  is  obtained  by  gravity 
from  a  spring-fed  reservoir  holding  about  8,000.000  gallons.  The  daily  consumption  is  about 
1 ,000,000  gallons.  In  case  of  shortage  the  Little  Shenango  is  pumped  raw.  This  is  a  pol- 
lut^»d  stream  and  should  not  l)e  used  for  drinking  purposes  i^-ithout  purilication.  He  field 
assay  (p.  83)  shows  that  the  water  stiikingly  resembles  those  of  French  and  Oil  creeks.  A^ 
rangements  should  be  made  either  for  filtering  tlie  river  water  or  for  adding  to  the  present 
storage  capacity.  Hardly  any  typhoid  statistics  are  available  for  Greenville.  In  1894 
there  were  7  cases  and  1  death;  in  1895  there  were  15  cases  and  1  death,  enough  to  show 
that  the  cases  were  probably  not  isolated  importations.  The  town  sewage  dischaign 
into  the  creek. 

Sharon,  Pa. — About  20  miles  down  the  Shenango  is  Sharon,  with  a  population  of  about 
10,000.  The  city  water  supply  is  derived  from  the  river,  the  water  being  purified  br 
mechanical  rilt4.»rs,  privately  oijernted  (see  assay  on  p.  81^).  The  plant  consists  of  four  large 
sedimentation  tanks  and  eight  filter  units,  the  whole  having  a  capacity  of  1 ,700,000  gallons 
per  day  of  fourteen  hours.  During  the  day  the  filtered  water  is  pumped  into  the  mains, 
whatever  water  is  not  used  at  the  taps  flowing  into  a  2,000,000-gallon  storage  resen'oir. 
The  field  assay  shows  that  the  efiluent  from  the  filters  is  very  similar  to  the  raw  water  at 
Greenville. 

The  efliciency  of  mechanical  filters  is  a  matter  of  grave  interest  to  many  municipalities iQ 
this  region.  i)ecanse  of  the  very  turbid  condition  of  tlie  stream  waters.  Although  mechan- 
ical filtration  has  been  practiced  in  this  country  for  only  a  few  years,  it  is  very  well  under- 
stood that  only  l)y  tlie  coagulating  proccsM^s  in  usc^  as  a  pr(»liminary  to  mechanical  filtration 
can  muddy  waters  Ix*  successfully  handled  day  by  day.  Even  if  the  small  towns  in  this 
section  could  alFord  to  install  costly  m stems  of  slow  sand  filtration,  it  is  probable  that  tb« 
high  turi)i(lities  would  soon  so  clog  the  filters  as  to  mak(i  their  operation  very  unsatisfactory* 
As  the  nuiddy  stream  waters  are  in  this  section  the  natural  source  of  supply — at  some  place* 
the  only  one— water  purification  has  here  developed  lai-gely  along  the  lines  of  mechanic** 
filtration. 

When  efficiently  operated,  with  due  study  of  the  chemical  nature  of  the  water  tre«tc^ 
in  each  individunl  case,  cflhicnt  water  of  satisfactory  (|uality  can  be  obtained  from  mechao' 
ical  liltei-s,  the  bacterial  efficiency  in  many  plants  In^ng  nearly  100  per  cent.  When  result? 
are  n(»t  satisfactory  the  cause  of  failure  is  usually  found  either  in  the  inadequacy  of  the  pre- 
liminary coagulation  or  in  the  grade  of  supervision  provided.  -Vs  the  efficiency  of  the  fil- 
t«M^  (iej)en(ls  very  largely  on  the  complete  combination  of  the  suspended  matters  in  the 
water  with  the  chemicals  ad(le<l,  failure  may  Ix*  expected  unless  each  water  is  treated  ynXYi 
the  cheniicaLs  U'st  suited  to  its  com|K)sition  and  with  a  sufficient  quantity  of  the  chemicals. 
The  majority  of  the  proces.ses  devised  for  this  purp<»se  are  in  the  experimental  stage.  The 
devices  in  most  extensive  use  depend  mainly  on  compounds  of  iron  and  aluminum.  The 
processes  dcp<'nd  upon  the  formation  in  the  water  of  bulky  precipitates  through  the  combi- 
nation of  the  aluminum  or  iron  with  the  carlH)nates  in  solution.  For  this  reason  it  is  neces- 
sary to  determine  the  alkalinity,  and,  if  neccssHr\-,  to  increase  an  alkalinity  naturally  too 
low  to  allow  the  requisite  chemical  combinations.     Ten  or  fifteen  years  ago,  when  the  proc- 
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tre  not  dearly  understood,  the  coagulation  basins  were  small  and  the  amount  of 
1  added  was  frequently  insuflicient,  so  that  a  higli  degree  of  coagulation  was  seldom 
In  this  respect  the  advance  has  been  remarkable,  the  preliminary  treatment 
gcareful  study ,  so  that  it  is  now  very  satisfactory.  With  the  building  of  larger  tanks, 
implete  chemical  combinations  are  possible,  so  that  a  muddy  water  is  very  highly 
id  before  going  to  the  filters  at  all.  Success  depends  so  largely  on  the  even  uninter- 
flow  of  the  chemical  into  the  tanks  that  improvement  in  these  filters  has  followed 
on  improvement  on  the  design  of  automatic  devices  for  regulating  the  introduction 
icals. 

lecond  most  common  cause  of  failure  of  these  filters  is  to  bo  found  in  the  grade  of 
sion  provided.  It  would  seem  axiomatic  that  to  install  an  expensive  plant,  designed 
certain  results  under  carefully  adjusted  conditions,  and  then  to  hire  an  incompetent 
to  operate  it  is  to  make  the  machinery'  useless  for  the  purpose  for  which  is  was  de- 
No  business  man  would  be  guilty  of  such  an  absurdity  iiv-ith  apparatus  costing  him 
it  trifling  sum,  yet  such  has  been  the  course  uf  action  of  many  inunicipaUties. 
)8t  striking  example  of  the  efficiency  of  mechanical  filtration  of  polluted  surface 
is  furnished  by  the  decrease  in  the  typhoid  fever  mortality  of  Lorain,  Ohio,  with  the 
tion  of  filters.  The  town  is  located  on  the  shore  of  Lake  Erie,  about  midway  between 
od  on  the  east  and  Sandusky  on  the  west,  each  alx)ut  being  30  miles  distant.  The 
nount  of  sewage  that  pours  into  the  lake  from  these  towns  and  others  between  them 
Jie  raw  water  dangerous  for  a  city  supply  unless  taken  out  at  a  prohibitive  distance 
lore  (cf.  Erie,  p.  104).  The  degree  of  healthfulness  of  this  water  supply  before  the 
ction  of  the  filter  plant  is  clearly  shown  by  the  following  figures  showing  mortality 
phoid  fever: 

Deaths  per  100  fiOO  from  typhoid  fever  at  Lorain,  Ohioj  before  JUtration. 


Year. 

Deaths. 

Year. 

Deaths. 

44 

20 
57 
53 

1893    .      .             

183.3 

18»4     

48.8 

1895 

131.6 

1896 - 

83.3 

e  figures  show  that  the  supply  ranked  with  the  worst  in  the  country  at  that  time.  In 
id  1897  mechanical  filtration  of  this  water  l)y  tlio  »Towell  sy.steni  was  rcsort^'d  to.  The 
showing  typhoid  fever  mortality  for  the  years  following  this  installation  arc  decisive 
le  efficiency  of  the  process  in  this  instance: 

Deaths  per  lOOjOOOfrotn  typhoid  fever  at  Lorain,  Ohio,  aftr  filtration. 


Year. 

Deaths. 

Year. 

!  Deaths. 

34.4, 

21.2 

24.2 

I'XK)  ..    . 

1 
11.5 

1901 

1902 

1 

j            26.3 

present  mortality  rate  is  as  low  iis  that  of  towns  having  carefully  ji^iardod  surface 
»,  and  the  filtration  plant,  judged  l)y  its  pructical  results,  is  all  tliat  could  Ik*  desired. 
apter  of  important  evidence  is  furnished  by  the  rise  in  these  figures  when,  in  1903, 
to  the  plant  made  the  use  of  ruw  lnk(»  water  necessary  for  a  brief  period.  For  the 
ren  months  of  the  year,  the  filter  l)eiiig  then  in  use,  there  was  not  a  single  death  from 
d  fever  in  the  city;  after  the  unliltered  water  was  turned  in,  although  notices  to 
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public  had  been  printed  in  the  local  papers,  the  death  rate  from  this  disease  from  Aogoat  to 
November,  inclusive,  rose  to  180  per  hundred  thousand,  dropping  to  60  per  hundred  thou- 
sand in  December  and  practically  disappearing  soon  after  the  raw  water  was  shut  off.a  It 
is  hardly  possible  to  get  a  clearer  demonstration  of  the  value  of  such  a  system  in  safeguard- 
ing the  public  health.  It  may  be  said  positively  that  no  public  supply  in  this  section  should 
bo  taken  from  surface  waters  without  filtration.  The  population  is  too  dense  to  permit  of 
the  segregation  of  drainage  areas  except  at  a  prohibitive  cost,  and  some  of  the  cities  aie  too 
large  to  be  supplied  by  spring  waters  without  extensive  segregation.  Accordingly  it  is 
found  that  the  largest  towns  have  installed  filtration  systems  similar  to  that  at  Sharou. 

Typhoid-fever  statistics  for  Sharon  arc  too  few  to  establish  anything  except  the  preseDoe 
of  the  disease  in  the  years  given.  In  1894  there  were  13  cases  and  3  deaths;  in  1898, 16 
caaes  and  2  deaths— that  is,  about  the  same  as  Sewickley,  thou^  Sharon  has  three  times  the 
latt^r's  population. 

NESHANNOCK  GREEK. 


Mercer f  Pa. — At  Newcastle  Beaver  River  receives  the  waters  of  Neshannock  Creek,  ctny- 
ing  the  drainage  of  a  number  of  small  towns.  Chief  of  these  is  Mercer  (population  2/)00), 
about  25  miles  above  Newcastle.  The  public  supply  is  pumped  from  Otter  Creek  to  i 
mechanical  filter.  A  field  assay  is  given  on  page  83.  The  high  color  of  this  water  maj  be 
due  to  drainage  from  the  Ilalf-moon  Swamp  at  the  head  of  the  creek.  The  drainage  are&ol 
the  stream  is  sparsely  inhabited,  but  there  is  sufficient  pollution  to  make  filtration  neoesBBiy. 
There  is  little  public  interest  in  the  question  of  water  supply. 

Newcofftle,  Pa. — Newca.stle  (population  35,000),  a  laige  manufacturing  town,  has  amecfaio- 
ical  filter  plant .  Tiie  water  is  pumped  from  Neshannock  Creek  tolaige  sedimentation  ttnlD) 
thence  to  8  filter  units.  The  plant  appears  to  be  efficiently  conducted.  The  following 
analyses  of  raw  and  filtered  water  at  this  place  were  made  by  Dr.  F.  E.  Witherell  for  the 
American  Waterworks  and  Guarantee  Company,  which  controls  this  plant  and  numerous 
others.    They  are  furnished  through  the  kindness  of  that  corporation. 

Analyses  of  raw  and  filtered  water  from  NewcasUe,  Pa,^ 


Date. 


ino2. 


May  1 

May2 

May3 

May  4 

Mays 

MayC 

May  7 

May8 

MayO 

May  10 

May  11 

May  12 

May  13 

May  14 

May  15 

May  Ifi 

May  17 

May  IS 

a  Engincoring  News,  18M. 


Bacteria  per  cubic 
centimeter. 

Effi- 
ciency. 

Colon  bacillus.' 

Raw 
water. 

Filtered 
water. 

36 
38 
30 
19 

A\ 

Raw 

water. 

Flltertd 
water. 

760 

Percent. 
95 
95 
95 
97 
94 
96 
95 
93 
93 
95 
94 
94 
95 
93 
94 

94.5 
ft5 
93 

740 

070 

710 

720 

1 

9S0  1             43 

1 . 

770  1             38 

i 

530  1             35 

420  1             28 

1 

6.% 

30 
24 
22 

! 

420 

i 

370 

1 

610  1             32 

560  1             40 

550  1             33 

600  1             33 

610  1             34 

530  1             37 

frAli  analyses  made  by  Doctor-  Witherell. 


<-+positiTo;  -negative 
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lo^jfttM  of  TQM)  andflUrtd  water  from  Newcastle  ^  Pa. — Continued. 


Date. 


1M2. 


Bttcteria  per  cubic  | 

centimeter.        1     ,,^ 
_    _  I     hin- 

Raw       Filtered  j  ''^''^' 
water.       water. 


1903. 


1904. 


1 
45, 

12, 
24, 

8, 


i,2a5 

2,500 
9,000 
2,300 
8,000 


260 
780 
620 
800 
200 
200 
320 
800 
130 
200 
200 
720 
12«) 
010 
760 
100  ' 
,600 
,4(X)  I 
,900  ! 
,000 
,800  1 
,o00 
000  I 
.(MX) 
300  . 


23 
48 
41 
21 
70 
40 
37 
80 
54 
36 
68 
44 
42 
112 
127 
86 
93 
93 

20 
74 
85 
35 


^i 


Per  cent. 
'  95 
94 
94 
96 
96.5 
97 
97 
94 
94 
97 


96 

99.75 

99.2 

99.3 

99.6 

99.9 


98.3 

97 

99.1 

98.5 

99.7 


20 
23' 

''\ 
10  ' 

15 

18  i 


8 
29  i 

4;^  ! 


3 

8' 
3 

2| 
3 

3  ' 
5 
15  : 

4^! 


98.4 
97 
98.6 
99.6 
99.5 
99.6 

99.8  ' 

99.5  I 

99.7  I 
99.4  , 

99.8  ; 

99.2  i 

98.9  I 
98.2 
99.99  . 

99.94  I 
99.9  I 

99.95  I 
99.95  I 
99.9  : 
99.92  I 
99.8  ' 

99.3  I 
99.5 


Colon  bacillus. 

Raw 

Filtered 

water. 

water. 

+ 

+ 

+ 

+ 

- 

+ 

+ 

+ 

+ 

+ 

- 

+ 

+ 

+ 

+  ? 

+ 

- 

+ 

_ 

_ 

_ 

+ 

- 

+ 

- 

+ 

- 

+ 

— 

+ 

_ 

+ 

- 

+ 

- 

+ 

- 

+ 

- 

■*- 

+ 

+ 

+ 
4- 

+ 
+ 
+ 
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Analyftes  of  raw  and  filtered  walerfrom  NetDcastUf  Pa. — Continued. 


Date. 

Bacteria  per  ciiblc 
centimeter. 

Raw 
water. 

Filtered 
water. 

Jan.  5 

1905. 

4,760 
4,250 
3,950 
7,210 
3,100 
2,800 
5,22d 
12,000 
15,200 
5,600 

54 

Jan.  6 

35 

Jan.  7 

21 

Jan.  9               

12 

Jan.  11 

6 

Jan.  12 

2 

Jan.  13                       

9 

Jan.  17 

72 

Jan  19 

12 

Jan.  24 - 

20 

Effi- 
ciency. 


Colon  bacillus. 


Raw       Filurert 
water.      water 


+ 
+ 


The  percentages  of  efficiency  are  c^lculai^d  from  the  figures  given  and  show  marked 
improvement  since  1902.  For  May  of  that  year  the  efficiencies  are  low,  averaging  94.5  per 
cent.  For  a  w&tor  so  grossly  polluted  as  tlie  Neshannock  such  an  efficiency  is  not  higli 
enough  to  assure  a  reasonable  immunity  from  disease,  and  the  condition  is  reflected  iothe 
high  typhoid-fever  death  rate  for  1902,  shown  in  the  table  below.  For  June,  1902,  the  aw^ 
age  ofri(Moncy  wa.s  95.9  per  cent,  also  a  low  figure.  The  figures  for  July  show  improvement  i^ 
they  represimt  average  conditions.  For  1903  the  few  figures  given  show  an  average  effi- 
ciency of  98.5  per  cent,  which  is  much  more  sat  isfactor^-.  The  typhoid  mortality  in  that  year 
was  so  high  as  to  suggest  that  at  other  seasons  of  the  year  the  filters  were  not  working  so  well. 
Ft)r  1^)04  the  liguros  an\  full<T  and  show  a  p(»roontage  efficiency  averaging  99J  per  cent, 
n'flcctfd  in  the  50  j)or  cent  decri»asc»  in  typhoid  deaths  for  1904.  The  figures  for  1905,  so  far 
as  they  go,  seem  to  show  that  this  high  standard  is  Ix'ingkept  up;  altogether  the  plant  at 
Newcastle  may  be  considen^d  to  l)e  doing  very  gcKxi  work  at  the  present  time. 

In  the  forojijoing  table  it  is  noteworthy  that  the  colon  bacillus  was  positively  identified 
in  the  raw  water  in  nearly  every  cas*^  wheri»  the  test  was  made,  and  in  the  filtered  water 
durinjr  1902.  Since  then  the  Results  have  Ixycn  negativ^.  Doctor  Witherell  made  the  ioV 
lo\vin<^  statement  in  a  letter  dated  -Xovenilx^r  17,  1005: 

Tho  tosts  rnado  for  H.  c.oli  communis  wcro  us  follows:  For  the  first  inoculation  a  ^ucosie  neutral !« 
bouillon  is  um'«.1.  inado  up  of  - 

J,0()Oeu])ic  coutiniett'rs  tlistiIlo«l  or  soft  water. 
.'i  ^-jiniH  IxM'f  extract  (.LicMg's). 
•Jf)  jtcranis  Wittc's  peptone. 
I'o  pram  CJrubler's  neutral  red. 

21)  prams  prape  glucose.  . 

1  pram  sodium  taurocholate. 
Reaction  is  \-\.  Fuller's  scale.  The  broth  is  inoculated  with  i?,.7.  ,*^.  1,  .'>.  and  lOcubic  centimeter  wat 
samples  and  incubatcMl  24  to  '^)  hours  at  KW  F.  If  the  presumptive  test  is  positive— that  is,  if  30  to 
])er  ivjir  of  pas  is  formed,  approximately  one-third  boinp  carbon  dioxide,  with  the  medium  strongly  ac 
to  litnuis.  an<lthe  neutral  red  chanpi'd  to  canary  yellow  with  preen  (luoresccnco — samples  are  plated  in 
pelaitin  stal),  agar  streak,  milk,  potato,  nitrates,  Dunham's  solution,  and  confirmatory  results  are  loolci 
lor. 
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lioid  statistics  below  are  from  the  reports  of  the  Pennsylvania  State  Ixmrd  of 
ept  for  the  years  1903,  1904,  and  1905. 

Typhoid  martaHiy  at  NewcaMle,  Pa. 


Year. 


Popula- 
tion. 

Deaths. 

19,600 

16 

21,000 

13 

24,000 

6 

26,000 

29 

28,350 

36 

30,000 

10 

32,000 

39 

34,000 

34 

35,000 

18 

36,000 

11 

RiktC!  per 
100,000, 


63 

m 

127 
100 


a  Furnished  by  C.  C.  Honnc.  health  oflScer  of  Newcastle. 
6  Up  to  Nov  11,  1905. 

res  showing  population  are  roughly  estimated  from  those  for  the  census  yea  m  1S90 
The  estimates  are  only  approximately  correct,  but  are  probably  not  far  hoin  the 
$  the  number  of  cases  is  not  obtainable  for  some  years,  the  rate  is  calculati'd  piT 
population. 

i  assays  of  this  water  show  a  very  low  alkalinity,  probably  due  to  acid  dmiDfigo 
ifacturing  establishments  on  the  stream.  This  is  visible  in  the  sulphate  i^ontent 
)  water  is  of  fair  quality  for  domestic  purposes. 

i  assays  of  public  supplies  in  Shenango  River  and  NeshannocJc  Creek  basim^ 
[  Parts  per  milliou.] 


Determination. 


(Jreenville. ,    Sharon. 


Mercer.    1  NowcMlUi. 


□ess  (as  CaCOs) . 


:80,). 

CI)... 


0 
106 

1 
42 
47 
43 
a5 


0 
122 

.5 
44 
47 
49 
a  10 
11.2 


1_ 

0     I 
122      I 

43 

42      I 
49 

0    I 

9.7 


0 

Truce* 
76 
(11 
M 
4i 
P 


a  Estimated. 


CONNOQl'ENESSI.NG    CREEK. 

5  miles  below  Newcastle  Coniuxjuoiiossing  Crook  enters  tho  Boavor  near  EUlfl&o8 
e  most  important  places  in  its  drairia<;o  aroa  aro  Biitlor,  Grove  City,  Evarin  City, 
•od  City. 

Pa. — Butler  (population  10,(X)()),  noar  the*  bcudwators  of  ConiuMiuonossinjr  ^  Vt^ck, 
3wn  to  sanitarians  for  a  noloworthy  rpidomio  of  typhoid  fovcr  occurring:  Uioro  a 
ago,  caused  by  defects  in  tho  oponition  of  tho  filtors.  Tlio  opidoniio  has  born  fvilly 
by  leading  sanitarians,  and  in  this  placo  it  is  siiiFioiont  to  romark  that  conrhi-^ivo 
vas  afforded  by  the  costly  oxp<»ri(MU'o  of  this  poriod  that  tho  raw  oreok  wutiT  wiia 
jgerous  for  drinking,  and  that  constant  vijxilanco  in  the*  operation  of  tho  litlrrs  is 
to  assure  safety.  Tho  plant  is  now  opcratod  by  tho  .Vmorioan  Waterworks  runl 
J  Company.  Frequent  l)aotoriiil  annlysos  arc  niado  by  Doctor  Withoroll,  thf  f  oli 
5  made  w  at  Newcastle,  except  for  the  omission  of  the  taurochohc  acid  co^trul-j 
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watp:r  in  upper  ohio  basin  and  at  krie,  pa. 


Tlio  Butler  supply  (see  assay  below)  is  undoubtedly  the  best  of  those  examioed  ii 
C()nno<]uen(>ssing  Cn'ek  drainage,  as  it  contains  far  less  mineral  impurity  than  any  oth 

Emus  City,  Pfz.— Evans  City  (population  1^200)  is  situated  on  Breakneck  Creek,  a  t 
tury  of  Connoquenossing  Creek.  Its  supply  is  obtained  by  gravity  from  a  hill  rese 
impounding  spring  runs.  The  high  chlorides  and  alkalinity  suggest  the  presence  of  gr 
water.    This  water  probably  contains  calcium  chloride  and  would  corrode  boiler  tube 

Fidd  assays  of  public  supplies  in  Connoqueiusnng  Creek  basin. 
[  Parts  per  million.] 


Determination. 


Grove      EUwood     o„«i„r       E^ 
City.         City.  -     »""«r.  j     (,, 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCOa) . 

Alkalinity 

Sulphates  (8O3) 

Chlorides  (CI) 


0 

a20 

0 

35 

140 

45 

2.7 

1 

0 

119 

67 

28 

130+ 

66 

39 

201 

40 

40 

05 

«20 

oZ 

23 

27 

19 

a  Estimated. 

Grove  C  'ity,  P«.  — Clrove  City  (popiilation  1 ,6(X))  is  situated  on  Wolf  Creek,  one  of  the  li 
water  .><t reams  of  Slipp<»ry  Rock  Creek,  the  most  important  tributary  of  Connoquene: 
Creek.  Its  wat<T  suj)ply  is  i)uiiiped  from  a  20Q-foot  driven  well  to  a  standpipe.  The 
assay  (above)  sliows  tlie  water  to  Ih»  of  a  fair  quality  for  a  ground  water,  although  it  is ! 
and  contains  a  little  more  iron  than  usual.  It  gives  sati.sfaction  for  drinking  purposes, 
would  be  wasteful  for  lauiulrv  uses  and  is  so  high  in  incnisting  carbonates  that  it  w< 
certainly  incrust  tubes. 

hllmMHi  ('<7v. /^'/  — Ell  wood  City  (population  2,500)  draws  its  water  supply  from  ( 
no(|ueiK'S>in^'  Creek.  The  water  is  said  to  Iw  mechanically  filtered.  Before  entering 
Ellwood  supply  tln'  creek  receives  the  sewage  of  Butler  (population  10,000),  Evans  ( 
(population  1.2(K)),aiul  the  two  small  towns  of  Harmony  and  Zelionople.  The  wat< 
uii(loul)lcd]y  t<H»  «;rossly  polluted  to  he  safe  in  its  raw  state. 

The  traces  of  sulphur  and  iron,  shown  in  the  Held  assay  (above),  are  probably  duel 
little  mine  draiiMige.  The  turbidity  is  hifrher  than  it  .should  l)e  for  a  filtered  water  andc 
grave  doul)t  Ufjon  the  I'flicienc  y  of  the  prwess.     The  color  of  the  water  is  also  high. 

It  will  be  clear  from  the  fore«::(»in^  data  that  Beaver  River  drains  much  sewage  pollui 
from  this  section  of  westen^l'ermsylvania.  Filtration  of  this  water  is  absolutely  nece« 
before  it  can  be  safely  used  as  a  pul)lic  supply. 

BEAVKR   RIVKR. 

BiaviT  Falla,  Pa. — The  largest  city  on  Beaver  River  is  Beaver  Falls  (population  10,0 
At  this  point  the  supply  was  until  IIXK)  obtained  directly  from  the  river  without  purificat 
The  resuh  of  th(^  use  of  .such  water  is  indicated  by  the  following  figures  showing  the  typh 
f(»ver  mortality,  which  is  among  the  highest  in  the  country: 

Typhoid  moriahty  at  Htacer  Falls,  Pa. 


Year. 


iJfl* 

1SU7 

ISDS 

1899 

1900 

Figures  for  lat^r  years  are  unobtainable. 


1    Total 
deaths. 

Typhoid 
cajiea. 

'^/^ 

124 

28 

'           134 

105 
80 

I           128 

\           138 

27 

'            160 

22 

OHIO  RIVEB   BELOW    BEAVER   RIVER. 
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[n  1900  mechanical  filters  were  installed,  supplying  Beaver  Falls,  New  Brighton,  Roches- 
r.  Freedom,  and  other  places.  Four  of  the  filters  arc  of  the  Jewell  type,  the  remaining 
ur  of  the  old  closed  or  oil-tank  type.  The  plant  seems  to  he  efficiently  operated,  and  local 
LjsiciAns  speak  well  of  the  decrease  in  the  number  of  typhoid  fever  cases  since  its  installa- 
on.  Bacterial  analyses  of  20  samples  collected  at  the  intake  and  at  a  tap  in  Beaver  Falls 
low  an  average  bacterial  content  as  follows: 

Baderitd  analyses  ofwaier  at  Beaver  Falls y  Pa,a 
[Bacteria  per  cubic  centimeter.] 


Raw  water.        | 

Filtered  water. 

Total. 

B.ooli.     1 

Total. 

B.  coli.  1     Efficiency. 

246,860 

i«i 

29,300 

'       Per  cent. 

12  1                     94 

a  Data  furnished  by  water  company. 

This  is  a  low  efficiency  both  for  total  organisms  and  for  bac>illus  coli,  yet  the  filtrate  is  very 
much  better  than  the  raw  water. 

The  field  assay  (p.  87)  shows  a  water  typical  of  the  river  waters  of  this  section.  It  is 
■oft  enough  to  be  suitable  for  any  purpose. 

OHIO  RIVER  BET^VEEN  BEAVER  RIVER  AND  EISH  CREEK. 

Below  the  mouth  of  Beaver  River  the  Ohio  flows  nearly  southwest  for  about  10  miles 
tbrough  a  rolling  farming  country.  It  crosses  the  State  line  a  few  miles  above  Chester, 
W.  Va.,  a  little  town  of  about  1,000  population.  From  this  point  on,  notwithstanding  the 
eiiormous  pollution  in  the  river,  the  water  is  very  commonly  us4>d  as  a  public  supply  in  its 
nw  state.  It  is  evident  from  the  foregoing  discussion  that  the  inevitable  cfTcct  of  such  a 
practice  is  the  sacrifice  of  many  jives  annually,  with  the  additional  waste  of  thousands  of 
dollare  by  the  communities  affected.  Although  West  Virginia  has  laws  on  its  statute 
„  books  forbidding  stream  pollution  under  penalty  of  $5  fine  for  each  offense,  tliore  is  wanton 
ud  wholesale  contamination  of  every  stream  in  the  State.  As  no  typhoid-fover  statistics 
an  obtainable  for  towns  in  this  State,  except  for  Wheeling,  it  Is  impossible  t«  supply  that 
ooDcrete  evidence  of  the  disease-producing  quality  of  the  water  wiiich  is  fumLshcd  by  such 
figures.  The  quality  of  these  supplies  will  bo  evident,  however,  from  the  following  descrip- 
tions of  conditions  in  this  section  and  from  the  typhoid-fever  records  of  thos(.>  towns  in  Ohio 
"liich  take  their  supply  from  the  river  unpurificd  and  which  have  collected  figures  con- 
cerning this  disease: 

ChuUr,  W.  Va. — At  Chester  the  public  supply  is  pumped  from  a  filter  well  that  is  sunk 
iathe  fine  sand  of  the  river  bank.    The  well  is  about  8  feet  in  diameter  and  is  covered  with 

*  brick  and  concrete  dome.    The  pumping  machinery  is  mounted  in  a  larger  well  close  by, 

•  pdlefy  connecting  the  two.  The  eHluent  from  this  plant  is  Iwautifully  clear  and  spark- 
ing at  all  times,  although  the  river  is  usually  muddy.  There  can  Iw  no  question,  however, 
tbat  80  far  as  organic  contamination  is  concerned  no  change  of  importance  cm-cui-s  during 
^natural  filtration  of  this  water.  It  can  not  l>e  regarded  as  a  safe  supply  for  this  munic- 
1*lity,  and  if  typhoid-fever  statistics  were  available  the  town  would  i>rol)ably  l)e  found 
^suffer  heavily  from  the  disease.  That  this  is  not  mere  conjecture  is  evident  from  the 
^  typhoid-fever  percentages  for  East  Liverp(X»l,  Ohio,  directly  across  the  river.  This 
town  pumps  its  water  supply  from  the  Ohio  River  raw,  and  is  seen  to  be  sulfering  constantly 
aod  heavily  from  typhoid  fever. 
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Typhoid  mortality  at  EaH  Liverpool,  Ohio, 


Year. 

Total 
deaths. 

^ 

1897 

154 
196 
187 
226 
337 

9 

1900 

U 

1901                                                                                      .              

% 

1902 

1903 

tt 

Tho  field  jiasay  (p.  87)  shows  the  increased  mineral  content  resulting  from  the  passage  of 
the  wat<?r  through  tho  river  sand,  the  mineral  contents  being  appreciably  higher  than  tho« 
of  the  river  wut-t»r  at  Pittsburg.  This  water  is  too  hard  to  be  considered  excellent  for  boifcf 
uses,  and  its  muddy  condition  in  tho  raw  state  makes  it  very  poor  for  other  industrial  ptu** 
poses.  It  is,  however,  of  l)otter  quality  than  the  ground  waters  in  this  section,  as  wiQ  be 
evident  from  the  field  assay  of  the  wells  at  Wellsburg  and  Wheeling,  given  below. 

A'ru;  Cumherlandy  W.  Va. — At  New  Qmilwrland,  about  15  miles  below  East  Liverpooli 
tho  city  supply  is  also  raw  Ohio  River  water.  The  town  has  about  1,200  inhabitantSj 
and  is  partially  sewered.  Above  it  on  both  banks  of  the  river  arc  visible  evidoncw  (A 
p<jllution,  besides  the  accumulated  filth  coming  down  in  the  river  from  Pittsburg.  TTk 
supply  of  Steulx»nville,  Ohio  (population,  14,000),  is  of  the  same  kind.  The  officials o^ 
this  (own  have  for  years  made  no  report  of  typhoid  mortality. 

WdUlmiri,  W.  Ta.— Wellsburg  (population,  2,500),  about  10  miles  below  St«ubcnville, 
also  uses  raw  Ohio  River  water.  The  field  a.ss4vy  of  water  from  a  60-foot  well  much  used  foi 
drinking  purposes  on  one  of  the  main  streets  of  Wellsburg  is  given  on  page  87.  There  aw 
are  uuiiktous  drilled  wells  on  the  the  streets,  to  which  resort  is  had  for  drinking  water  tc 
soiui^  extent.     This  water  is  very  hard  and  not  suitable  for  any  use  except  drinking. 

WhitUmj,  W.  Ta.— Wheeling  (population,  40,000),  on  Ohio  River  about  14  miles  below 
Wellsburg,  luis  probably  one  of  the  worst  typhoid- fever  records  for  a  town  of  its  size  and 
wealth  in  this  or  any  other  country.  Like  the  towns  just  mentioned,  it  pumps  its  supply 
raw  from  Ohio  River,  without  any  attempt  even  at  adequate  sedimentation.  Wheeling 
Creek,  which  flows  through  most  of  the  town,  is  an  open  sewer.  The  intake  (.f  the  water- 
works is  located  a  very  sliort  distanc**  above  the  town.  The  works  are  owTied  b}'  the  city* 
and  considcrahli*  thought  hius  been  devoted  to  the  regulation  of  rates,  but  none  to  tb* 
(jiiaiit y  of  t  he  water  supply.  \n  view  of  the  conditions  alM)ve  described,  under  vshich  tovn 
after  town  turns  its  disease-polluted  sewage  into  the  river,  the  strange  thing  is  not  that 
Wheeling  should  lose  many  lives  and  thousands  of  dollars  through  tho  use  of  polluted  wate' 
for  (liinkini:.  hut  that  any  American  eonununity  should  tolerate  such  a  state  of  affaii* 
The  figures  shown  below  are  available  from  the  reports  of  the  United  States  Public  Heftl*^ 
and  Maiinc-llo.-pital  Service.  Although  for  but  a  portion  of  the  years  showTi,  they  indie** 
closely  the  chaiact'^r  of  the  supply: 

Typhoiil  morfalifij  at  Whcdin<j,  W.  Va. 


Qiiartor  ciuliiiK  - 


Mjircli.ll,  V.m. 
h\\\vM\  I'M)!... 
March  :n,  VM\ry. 
June  ?*).  HK).'»... 


Total 
deaths. 


200 
187 
182 
141 


The  significann*  of  these  percentages  may  l)e  l>etter  understood  when  they  are  con 
pared  to  the  figuns  previously  given  as  to  Sewickley,  Alh^gheny,  Pittsbuig,  McKcespoi 
and  other  places.     Tho  condition  here  is  o-hnost  incredibly  bad. 
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The  field  assays  below  shows  that  the  river  water  is  considerably  softer  than  the  natu- 
iBUy  filtered  water  at  Chester.  The  well  of  the  Acme  Box  Company  is  used  for  all  purposes, 
both  steam  making  and  drinking,  in  the  factory  of  the  concern.  It  is  unfit  for  any  of  them, 
being  so  excessively  high  in  sulphates  and  iron  as  to  corrode  boiler  tubes  very  rapidly.  The 
ve  of  this  water  represents  a  heavy  annual  expense  for  needless  repairs.  It  is  not  very 
palatable,  and  its  high  color  is  not  reassuring  as  to  the  safety  of  the  well  from  contamina 
tion  by  surface  water. 

MoundsviUef  W.  Va. — At  Moundsville  (population,  6,000)  the  water  supply  is  obtained 
from  wells  on  an  island  in  Ohio  River  of  the  rather  rare  type  in  use  at  Gallipolis,  Ohio, 
dncribed  on  page  64.  The  typhoid-fever  statistics  of  the  latter  town  may  very  well  be 
ipf^ied  to  the  consideration  of  Moundsville 's  supply,  the  conditions  being  practically  iden- 
tical at  the  two  places.  The  weUs  are  four  in  number  and  16  feet  deep.  The  borings  are 
;  carafally  cased,  admitting  water  only  through  strainers  at  the  bottom.  They  are  connected 
near  the  top  so  as  to  be  pumped  together.  The  efl^uent  is  beautifully  clear  and  pleasant 
to  the  taste.  The  field  assay  shows  considerable  diminution  of  the  sulphates  in  the  river 
later,  with  entire  absence  of  suspended  matter  and  color,  though  at  this  period  the  raw 
water  is  a  muddy  brown. 

Fidd  assays  of  water  from  towns  along  Ohio  Riivr. 

[  Parts  per  million.] 


Determination. 


Tirtidlty 

Cotor 

In»(re) 

Cafcliim(Ca) 

Total  bardnesa  (aa  CaCOa) 

JUkaMty 

Bootes  (SO») 

Chloridea(Cl) 

•Slight  trace. 


Beaver 

Falls.  Pa., 

public 

supply. 


(«) 
45 
51 
29 

12 


Chester, 

W.  Va., 

public 

supply. 


0 

90 

Trace. 

102 

128 
88 
40 
27 


Wcllsburg, 

W.  Va., 

60-foot 

well. 


Wheeling, 
W.  Va., 
well  of 

Acme  Box 
Co. 


0 
5 

.5 
200 


287 
51 
15 


0 
123 
20 
274 


Wheeling, 
W.  Va., 

city 
supply. 


{^) 


380 

+522 

99 


c  Estimated. 


Mounds- 
ville, W. 
Va.,  city 
supply. 


0 

0 

0 

96 

111 

63 

15 

24 


6  Very  slight  trace. 
FISH  CUKEK. 

Piah  Creek,  which  enters  the  Ohio  about  8  miles  below  Moundsville,  drains  a  country 
^  deficient  in  water  resources.  Along  the  West  Virginia  Short  Line  of  the  Baltimore 
ttd  Ohio  Railroad  the  small  communities  have  to  get  their  supplies  from  individual  wells, 
the  deep-well  water  not  being  of  very  good  (juality. 

Hmdred,  W,  Va. — At  Hundred  (population,  ."iOO)  there  is  a  118-foot  well,  which,  as 
Aown  by  the  field  assay,  is  of  very  good  quality  for  water  drawn  from  such  a  d(»pth.  The 
^  alkalinity  may  indicate  the  prosenro  of  magnesium.  Although  somewhat  hard,  this 
*^r  would  make  a  good  public  supply. 

iMeton,  W.  Va, — Littleton  (population,  700),  a  few  miles  farther  west,  has  a  publie  sup- 
ply very  similar  in  quality  to  the  well  at  Hundred.  It  is  drawn  fn)iri  2  wells  145  feet  deep 
**<»ntly  drilled  to  replace  the  public  supply  from  Fish  Creek,  a  little  stream  which  is  prob- 
iWy  as  highly  polluted  for  it«  size  as  any  stream  could  })e.  The  springs  in  this  s(»ction  are 
Dot  very  numerous  nor  very  large,  most  of  them  drying  up  in  the  summer.  The  Farrell 
Spring  at  Littleton,  a  limestone  spring  of  unusual  hardness,  is  piped  into  a  few  dwellings 
for  domestic  purposes.  Its  water  is  strikingly  similar  in  mineral  content  to  that  of  the 
deep  well. 

Board  Tree  and  Cameron,  W.  Va.—Tho  Bill  Spring  at  Board  Tree  (population,  50),  a  few 
west  of  Littleton,  is  also  very  hard,  the  water  seeming  to  come  from  a  limestone 
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formation.  It  is  much  usi'd  for  domestic  purposes.  The  66rfoot  wpII  at  Board  Tree  is  the 
only  lM)rod  well  in  this  section.  Its  wator  is  so  high  in  incrusting  solids  as  to  be  of  do  uk 
except  for  drinking.  Fish  Cn»ek  itself  is  a  small  stream  that  flows  over  the  naked  rock  in 
mast  of  its  course  und  practically  dries  up  in  the  summer.  The  field  assay  sliows  that  its 
water  Ls  considerably  harder  than  the  river  waters  of  the  MonoDgahela  basin,  but  still  cont- 
paratively  soft  and  available  for  industrial  purposes.  The  railroad  leaves  the  stream  soon 
after  passing  Board  Tn»e,  going  north  to  the  terminus  at  Moundsville.  The  only  important 
town  in  this  section  is  Cameron,  which  has  about  1,000  population.  It  has  a  city  water 
supply  pumped  to  n'servoirs  from  5  driven  wells  100  feet  deep.  The  field  assay  shows  this 
water  to  Ik'  far  too  hard  for  any  use  except  drinking,  the  sulphates  being  so  high  as  to 
incrust  lx)iler  tulH»s.  The  railroad  uses  the  waters  of  Graves  Creek,  a  small  stream  empty- 
ing into  Fisli  Creek,  for  steaming  purposes.  A  large  brick  filter  well  has  been  constnicted 
in  the  bank  of  the  stream,  in  which  the  wat^T  is  collected.  The  field  assay  diows  it  to  be 
but  little  Ix'tUT  than  the  well  water. 

FieM  fl.wa»/.v  of  ipo/^m  in  Fish  Creek  basin. 
[Parts  IHT  million.] 


llundnnl.        i 

lIMoot  ■    Fish    ' 
well.       CnH>k.  , 

0        1           0  1 

r.      1       37  1 

.  7.''.  1           0  1 

70      '       ;«  1 

118        1         63  , 

187        1          HTt  ' 

20        1            ") 

19                  11 

Boar 

inn 

Sprtng. 

0 
35 

d  Tree. 

Gfr-foot 
well. 

Littleton. 

Cameixm. 

Determination. 

Farrell 
Spring. 

145-foot 
well. 

100-foot 
weUs. 

Qnn$ 
Crtet 

Turbidltv        

0 
96 

0 

9S 

0 

110 

130+ 

78 

35 

0 

90 

.8 
119 
132 

71 

42 

19 

0 
17 

.5 
137 
130+ 
216 
83 
49 

•4 

Color 

ID 

Iron  ( FiO 

0 

87 
US 

1.75 
ir,6 

0 

Calcium  (Ca) 

Ifll 

Total  hardness  (us  CaCOJ . . 
Alkalinity 

IS 

61 

171 

17 

Sulphates  (SO,) 

Chlorides  (_("i) , . . 

:io  1       58 

11  '         M) 

1» 

a  Estimated. 


FISIIIN<;  <  KEKK. 

At  \o\v  Martinsville  another  smull  stn»ain.  Fishinjij  ('reek,  enters  the  Ohio,  draining  al** 
a  poor  and  sparsely  populated  country.  The  industry  of  this  section  has  always  beei^ 
dependent  on  the  oil  wells,  and  the  decline  or  failurt>  of  these  has  caused  the  abandonmeD^ 
of  many  habitat i<.)ns. 

i<tii(ihjithl,  W.  r«.--Sniitliriel(l,  near  the  crest  of  the  divide  between  the  Mooongahel^ 
and  the  Ohio,  is  a  typical  oil  town  of  a  few  hundred  population,  without  any.public  water 
supply.  The  H)()-foot  well  assayed  is  one  of  tlm»e  8-inch  wells  bored  by  the  South  Peni> 
Oil  Company  for  boiler  us<'s  and  al-jo  for  town  .supply.  It  yields  a  surprisingly  soft  water^ 
the  total  hardness  not  beinj;  nnieh  hij^her  than  that  of  Fish  Creek.  The  chlorides,  however^ 
are  so  enoniiou^ly  hi<;h  as  to  make  the  water  very  corrodant  in  boilers  (see  assay  below). 
It  is  probably  Iwst  used  for  drinkinj;  only.  A  sjunple  from  a  46-foot  well  showed  a  total 
hardness  of  1)1  as  compared  with  the  42  parts  |>er  niillit)n  of  the  la-st  supply,  so  that  in  this 
instance  it  is  not  neeessarily  the  dee|>-weli  water  that  is  harder.  There  are  very  few  per- 
manent sprinjrs  in  this  s<'ction.  TIm?  water  of  Carlin  Sprinpj  (sec  assay  below),  which  is 
SO  feet  alnjve  the  house  into  which  it  is  piped,  is  of  fair  quality,  the  total  hardness,  it  is 
noted,  b^'in*^  exaetly  the  siime  as  that  of  the  shallow  well. 

Pin*:  drove,  W .  Va. — At  Pine  Gn)ve,  al>out  10  miles  west  of  Smithfleld,  a  once  prosperous 
oil  town,  having  at  pres(>nt  al)out  Ht)  {M)pulation,  then>  is  no  public  supply,  the  townspeople 
usinjij  in<livi(lual  wells  and  small  springs.  Tlie  "jO-foot  well  shown  in  the  assay  is  probably 
high  in  magnesium  carl)onnt(^  and  the  alkalies.  It  is  of  fair  r|uality  for  domestic  purposes. 
The  Newman  Spring  is  much  better  in  ev<»ry  resp«H't,  but  is  not  large  enough  to  supply  more 
than  a  few  families. 
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FiM  assays  of  water  at  Smiihfidd  and  Pine  Grove  ^  W.  Va 
[Parts  per  million.] 


Smithfleld 

Carlin 
Spring. 

Pine  Grove. 

Determination. 

46-foot 
well. 

16(^foot 
well. 

50-foot 
weU. 

Newman 
Spring. 

0 
35 

0 
96 

0 
46 
91 
49 

19 

0 
17 

0 
32 
77 
229 

0 
90 

U 

37 

Trace. 

0 

!a) 

42 

236 

0 

393 

35 

imw  (CftrOt) . 

91 

63 

47 

(SOa) 

0 

Q) 

9 

«  Very  slight  trace. 

0  RIVER  FROM  FISHING  CREEK  TO  MIDDLE  ISLAND  CREEK. 

^artmsviUe,  W,  Va. — New  Martinsville  (population,  2,000)  has  expended  much 
experimenting  with  water-supply  methods  without  adequate  return.  Its  supply 
mped  raw  from  Ohio  River.  An  attempt  was  made  to  get  water  from  filter  wells 
>  those  at  MoundsviUe,  but  unsuccessfully.  Recently  it  has  been  planned  to 
brick  wells  in  the  shore  of  the  river  and  pump  the  public  supply  therefrom. 
Id  give  a  very  clear  water  satisfactory  for  industrial  purposes,  but  it  would  be  no 

1  a  sanitary  standpoint  than  the  raw  water  itself.  The  condition  of  Ohio  River  is 
^ized  in  this  town,  which  has  gone  to  the  length  of  providing-a  number  of  drilled 
^tered  over  the  city,  from  which  pure  drinking  water  is  obtainable.  The  field 
ws  this  water  to  be  extremely  hard,  but  it  should  be  excellent  for  drinking. 

JU,  W.  Va, — The  only  important  town  between  New  Martinsville  and  St.  Marys, 
miles  down  the  river,  is  Sisterville,  a  manufacturing  town  which  had  a  population 
n  1900  and  which  is  growing  with  great  rapidity.    Its  supply  is  pumped  directly 
1  River  to  tanks. 
rySf  W.  Va, — ^The  public  supply  at  St.  Marys  (population,  1,000)  is  also  pumped 

Ohio  River.  The  high  turbidity  of  the  satnple  indicates  that  the  inhabitants  of 
;  are  practically  drinking  diluted  mud  for  a  large  part  of  the  year.  The  water  of 
9t  well  at  this  point  seems  to  be  of  good  quality  for  drinking,  altliough  somewhat 
be  high  hardness  as  compared  to  the  calcium  content  would  s(>em  to  indicate  that 
inity  is  due  mostly  to  magnesium  carlwnate.    The  town  is  built  directly  on  the 

contributes  liberally  to  its  pollution. 

Field  assays  cfwaUr  at  New  Martinsville  and  St.  Marys ^  W.  Va. 
[Parts  p<»r  milium. | 


Determination. 


I 


^^> I 

liie«i(CaCO>) I 

(SO.) I 

'^>-" -i 

a  Slight  traoe. 


New  Martinsville. 

St.  Marys. 

Ohio     ! 
Kiver. 

53-foot 
well. 

Ohio 
River. 

60-foot 
well. 

140 

0 

240 

0 

88 

22 

35 

a.-) 

1 

5 

0 

C°) 

W 

200 

47 

60 

70 

97 
32 

130+ 

3,-1 

203 

42 

6 'JO 

MO 

&20 

0 

19 

40 

29 

29 

b] 

ICstimate<l 
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MIDDLE  ISI^AXD  CREEK. 

Middle  Island  (^roek,  wliidi  discharges  into  the  Ohio  a  little  above  this  point,  drains  a 
spars<>ly  iM)pulatod  farming  country.  As  far  as  contamination  goes,  however,  the  scatter- 
ing iiutun^  of  the  population  is  more  than  counterbalanced  by  the  dinn'tne:^  of  the  pollu- 
tion. In  nearly  everj'  case  where  it  was  possible  and  convenient  to  build  a  privy  on  or 
clos«»  to  the  c«»ek  it  has  Ik'cu  built  there  instead  of  where  it  would  not  pollute  the  water. 

Went  Unicii,  W.  Va. — The  only  important  town  on  thisdrainageareais  West  Union, oo 
tlie  Parkersburg  division  of  the  Baltimore  and  Ohio  Railroad,  about  30  miles  west  of  Clarks- 
burg. Tlie  assay  Iwlow  shows  the  water  of  the  creek  to  bo  of  very  fair  quality  for  indus- 
trial purposes.  Tlie  high  color  is  due  mostly  to  organic  pollution.  West  Union  (popula- 
tion, 1,2(X))  has  no  public  sui>ply,  the  inhabitants  getting  their  water  from  wells  varying  in 
depth  fn>m  20  to  150  fwt.  Th<»  12S-foot  well  assayed  (IkjIow)  is  in  very  general  use,  being 
on  the  public  street.  The  water  is  of  p(M)r  quality  for  any  purpose  except  drinking.  Hiat 
of  the  .'iS-foot  well  is  strikingly  similar  in  its  mineral  contents. 

OHIO  niVKH  F1M)M  MIDDI.K  ISLANJ>  CUKKK  TO  THE  LITTLE  KAyiXVniA. 

WillMrniitown,  W.  Va.  Williumstown  (population,  400),  on  Ohio  River,  about  15  milft 
l>el()w  St  Marys  has  no  public  supply.  The  field  assay  shows  that  the  water  from  a  60- 
foot  well  at  this  place  is  of  fair  (juality  tliough  somewhat  hard.  It  is  noteworthy  that  the 
field  assay  of  Ohio  Kiver  at  this  point  shows  exactly  the  same  chlorine  contc^nt.  The  well 
is  alH)nt  'MM)  feet  fnmi  th<*  river. 

Fi4l4i  (tssaijs  of  (nitt r  from  West  Unum  and  \V iRiamstown,  W.  Va. 
[  Parts  iKT  million.] 


Dotcnniiiatioiv. 


Turl 

Colol 
Iron 

(lilc. 

T..t:. 
Alka 
Sull 
(hi. 


Mity. 


Vv) 

lUlii  (Cii  > 

il  li.irdm-s  iiaCo. 

iliiiily 

lUlffS  .'.-();> 

riiu-  (CI) 


West  Union. 

Williar 

60-foot 
well. 

nstown. 

Middle 
Isliiiid 
Cnrlc. 

l-2H-foot 
well. 

38-foot 
well. 

Ohio 
Kiver. 

0 

0 

0 

0 

0 

m) 

0 

17 

22 

22 

0 

(«) 

.6 

0 

0 

Trjico. 

126 

133 

87 

46 

Ti-i 

l.'K)+ 

139+ 

13^ 

:M) 

116 

0 

42 

29 

C^') 

'20 

e20 

44 

'•ao 

0 

W 

70 

40 

40 

i.-IiL'llt  fl:l«M 


•  Vorv  .'.liu'ht  tnico. 


c  Estimated. 


M(iiuHti,(ihin.  ()p|>()si(r  WillianHlown  i<  Mnrictta.  with  al)out  15,000  population,  dis^ 
("hjiiyiii*:  if-^  H\\ai:<'  inln  tlir  livrr.  Tliivc  siivanis  inOliin  TJttle  Muskingum  River,DucV 
Cn'rk.  and  Mu<kin;rum  Iviv<'r  <':iirr  Ohio  KImt  within  a  inilj'or  twoof  eachother  at  Ma*^' 
(Mta.  I'iacli  (IraiiH  an  an-a  r»)nii)ri>iiijr  ronsidciahli'  |)n])ulati()n.  so  that  the  sewafTO  enterir*^ 
ut  Maiictfa  al(»nr  \v(»nl«I  Im^  siiflicirnt  to  make  the  raw  river  water  unsafe,  even  if  the  poll"*-^ 
tion  rntrriii^  aho\e  were  eliiiiiiiat«Mi. 

rnihrshnuj,  U  .Vd.  In  s])ite  of  the  j)ollutioii  at  Mari<'tta,  wliich  is  evident  from  a  cu-^ 
son  iiHjx'ction  of  th(»  river,  Parkershur^j.  otherwise  a  jj^rowinj:  and  progressive  t-own  (popt^ 
lat  ion.  about  IT.tKK))  takrs  it>;  water  supply  unpuritied  from  Ohio  River.  The  supply  %^ 
extremely  had,  Iwin;:  almost  always  very  turbid  and  unsatisfactory  for  any  domestic  use^ 
TIk"  claim  i^  made  in  thr  city  that  this  water  is  u.s<m1  only  for  lire  purposes,  spring  wate^ 
hv\\\)i  larjirjy  bottled  and  soI<l  for  <lrinkiny:.  The  value  of  this  claim  has  already  been  esti^ 
miitrd.  TlaTf  is  in»  doubt  that  if  typlu)id-fev<»r  statistics  were  obtainable  for  this  city  a 
very  s<'rious  condition  of  the  public  heulih  would  U'  manifest.     It  may  be  very  well  esti- 
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mated  from  ihe  typhoid-fever  statistics  of  Marietta,  Ohio,  except  that  conditions  at  Par- 
kcrsburg  would  be  much  worse. 

Typhoid  mortality  at  Marietta^  Ohio. 
Year. 


Year. 


1807. 


1900. 


Total 
deaths. 

Typhoid 
deaths. 

115 

7 

123 

6 

163 

5 

193 

10 

Total      Typhoid 
deaths.  I  deaths. 


1901 256 

19di2 '  174 

1903 194 


21 
13 
8 


Tbese  percentages  are  so  high  as  to  need  no  comment.  Both  Marietta  and  Parkersburg 
have  the  distinction  of  being  in  the  same  class  with  \MieeHng  as  to  water  supply. 

Of  great  interest  in  this  connection  are  the  filters  of  the  Parkersbuig  Steel  and  Iron  Com- 
pany a  few  miles  above  the  city.  These  wells  are  about  13  feet  in  diameter,  34  feet  deep, 
•nd  about  75  feet  from  shore.  They  are  bricked  up  from  the  bottom,  the  pumping  ma- 
chinery being  incased  in  one  of  the  wells,  which  is  connected  with  the  other.  Six  hundred 
thousand  gallons  of  clear  water  are  pumped  from  these  wells  every  day,  although  the  Ohio 
River  water  is  usually  muddy.  It  is  found  quite  satisfactory  in  the  boilers  of  the  com- 
pany, but  it  is  hardly  necessary  to  say  that  in  spite  of  its  brilliancy  and  inviting  appearance 
it  would  not  bo  safe  for  drinking.  Tlie  well  on  the  public  street  in  Parkersburg  is  one  of 
two  or  three  that  are  much  drawn  on  for  drinking  purpasea.  The  water  is  utterly  unfit  for 
anything  else,  being  very  high  in  sulphates  and  chlorides  (see  assays  below). 

Fidd  asBays  ofwaXerfrom  Ohio  River  and  well  at  Parkersburg. 
[  Parts  per  million.] 


Determination. 


Turbidity.... 

Color 

iTon(Fe) 

Cateium  (Ca) . 


Raw  I  Filtered 
water,     water. 


Well   i'l 
water.  "> 


Determination. 


180 
90 

(«) 
50 


0 

45  I 

"I 
142  I     137 

I 


Raw 
water. 


I  I 

0     !   Total  hardness  CaCOa. I         76 

5      j!  Alkalinity 27 

.  5  ]  j  SulphaU»8  ( SOa) |       «>  20 

I  Chlorides  (CI) 


I' 


I 


19 


Filtered 
water. 

Well 
water. 

139+ 

100 

42 

620 

144 

19 

101 

a  Slight  trace.  &  Estimated. 

IJTTLE  KAXAWHA   lUVKU  IIASIX. 

Agreat  deal  of  drainage  enters  the  river  at  Parkersburg  by  way  of  Little  Kanawha  Kivor, 
"hich  flows  nearly  west  across  the  State  from  Upshur  County.  The  prinripal  tributary  of 
^little  Kanawha  is  Hughes  River,  which  enters  at  Newark  station. 

LITTLE    KANAWUA    KIVER. 

There  are  several  small  towns  on  this  stream,  the  larpjost  Ix'ing  Clonvillc  (population,  400), 
^Isville  (population,  300),  Spencer  (population,  9(X)),  K('cdy(ix)pulution,4()0).and  Eliza- 
••th  (population, 800), comprising  a  total  urban  population  of  2,r)(X),  nil  of  which  contribute 
l*i^ pollution  to  the  stream.  The  water  of  Little  Kanawha  River  is  one  of  the  purest  in 
*^  State  so  far  as  inoiganic  content  goes,  hinu^  so  soft  as  to  rank  with  the  Pennsylvania 
■pring  waters.  The  field  assay  at  Burnsville,  not  far  from  its  source,  shows  a  very  excellent 
••ter.  11)6  field  assay  of  water  from  Little  Kanawha  River  at  Parkersburg  shows  a  com- 
pete change  in  its  character.  The  turbidity  at  the  mouth  of  the  stream  is  very  high  at  all 
tunes  on  account  of  the  character  of  the  soil  throuj^ii  whicii  it  flows  in  the  lower  half  of  its 
coone.  It  gains  very  much  in  hardness  nlso,  and  is  altopjether  undesirable  in  its  raw  state 
for  domestic  uae  at  Parkersburg,  although  soft  enough  to  be  of  fair  quality  for  boilers. 
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nUGHES  RIVER. 

PennshorOf  W.  Va. — Pcnnsboro  (population, 800)  has  no  public  supply,  the  inhabitants 
using  individual  wells,  which  arc  few  and  yield  water  of  poor  quality.  The  207-foot  well 
assayed  below  is  too  high  in  mineral  content  to  bo  of  use  for  any  purpose,  there  being  too 
much  calcium  to  be  correctly  estimated  by  field  methods  and  a  qualitative  test  showing 
the  presence  of  much  magn&sium.  The  water  of  the  46-foot  well  iT  somewhat  better  in 
quality,  but  only  by  comparison.  Both  these  wells  are  subject  to  shortage  in  dry  times. 
The  town  is  built  on  steep  slopes,  draining  into  the  North  Fork  of  Hughes  River,  prify 
contamination  being  conspicuous.,  and  the  same  is  true  of  the  other  small  stations  along  the 
stream. 

Cairo,  W.  Va. — The  most  conspicuous  carelessness  in  public  supply  in  this  section  is  at  Cairo 
(population  800) .  This  town  pumps  its  supply  from  Hughes  River,  the  claim  beingmade  that 
it  is  only  for  fire  protection,  and  that  drinking  water  is  taken  entirely  from  individual  wefli 
About  100  feet  above  the  pumping  station  on  the  creek  are  a  privy  and  bam  right  on  tho 
banks  of  the  stream,  so  that  at  high  water  filth  from  both  places  goes  directly  into  the  river 
and  heavy  rains  at  all  times  wash  pollution  into  the  stream.  This  is  a  representative confi- 
tion  in  this  section.  Field  assay  below  shows  the  creek  water  to  be  of  fair  quality  for  indu- 
trial  purposes,  the  well  water  not  so  good.  It  seems  probable  that  the  calcium  is  present 
almost  entirely  as  calcium  chloride,  the  alkalinity  being  extremely  low.  The  color  of  this 
well  water  is  so  high  as  to  create  a  suspicion  as  to  its  freedom  from  contamination. 

Fidd  assays  of  vxUer  from  Little  Kanawha  River  basin. 

[Parts  per  million.] 


Determination. 


Turbidity 

Color 

Iron  (Fc) 

Calcium  (Ca) 

Total  hardness  (as  CaCOs)  . 

Alkalinity 

Sulphates  (S(»j) 

Chlorides  (CI) 


Pennsboro. 

Cairo. 

Bums- 
vlUe. 

burg. 

207-foot 
well. 

46-foot 
well. 

4&-foot 
well. 

Hughes 
Creek. 

0 

0 

0 

Cloudy. 

0 

UO 

35 

17 

44 

244 

70 

35 

(°) 

0 

2 

(*) 

Trace. 

(«) 

Iligli- 

130 

130 

61 

0 

15 

1394- 

139+ 

132 

76 

28 

104 

424 

185 

26 

41 

23 

34 

CIO 

0 

0 

0 

0 

(•) 

60 

40 

172 

40 

0 

40 

rtSliRlit  tTaei\ 


6  Very  slight  trace. 


c  Estimated. 


OHIO  RIVEU  FItOM    I.ITTLK   KANAWHA  RIVKR  TO   KANAWHA   RIVKB. 

Between  Parkorsburg  and  Point  Pleasant  there  is  no  important  city  on  the  Ohio  River. 
Little  places  having  a  hundred  or  more  inhabitants  are  dotted  along  the  stream,  the  lai^ 
being  Kavenswood  and  Millwood,  which  are  the  termini  of  short  branch  lines  of  railroads. 
Neither  have  public  supplit»s. 

Point  Plramnt,  U".  To.— Point  Pleasant  (population  2,,500)  has  a  water  supply  of  the 
natural  filtration  type  in  use  at  Gallipolis,  Ohio,  and  Moundsville,  W.  Va.  It  is  derived 
from  two  wells  drilled  in  the  Ohio  River  sand,  the  water  seeping  through  the  sand  »nd 
entering  the  wells  through  strainers  at  the  Iwttom.  It  is  pumped  into  the  city  reservoir  by 
compressed  air.  The  water  is  of  crystal  clearness  and  low  temperature  in  summer,  so  that  it 
is  very  inviting  and  much  used.  The  experience  of  Ciallipolis  would  indicate  that  for  a  yew 
or  two  this  will  Ik>  an  ideal  supply,  but  it  is  doubtful  whether  it  will  be  safe  for  drinking  a  few 
years  hence.  Comparison  with  the  raw  river  water  shows  high  turbidity  eliminated  by  the 
natural  filtration  and  some  gain  in  mineral  runtent  }>y  the  ]mssage  through  sand.  Except 
for  its  muddinesH  the  raw  water  is  much  more  desirable  for  industrial  purposes. 
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Fidd  assays  of  Ohio  River  tDoUrfrom  Point  Pleasantj  W.  Va, 
[Parts  per  million.] 


Determination. 


Turbidity.. . 

Color 

In)n(Fe).... 
C«lcium  (Ca) 


Filtered. 

....; 

0 
17 

0 
06 

429 

82 

Determination. 


Total  hardness  (as  CaCOi) 

Alkalinity  

Sulphates  (SOi) 

Chlorides  (CI) 


a  Estimated. 
KANAWHA  RIVER  BASIN. 

Kanawha  River  has  a  drainage  area  about  as  large,  roughly,  as  that  of  the  Monongahela. 
It  drains  nearly  all  the  southern  half  of  West  Virginia.  The  principal  industries  of  the 
country  through  which  it  flows  are  coal  mining  and  lumbering,  but  the  latter  is  rapidly  dis- 
ippearing.  Typhoid-fever  statistics  are  hardly  necessary  in  this  drainage  area.  Ocular 
evidence  of  the  pollution  of  the  surface  waters  is  so  plentiful  on  all  sides  that  the  mere 
description  of  conditions  is  enough  to  condemn  nearly  every  supply  in  the  section. 

The  principal  tributaries  of  the  Kanawha  are  Gaulcy,  Greenbrier,  and  New  rivers,  the 
list  being  really  the  Kanawha  under  a  different  name. 

NEW  RIVER   BASIN. 

Xew  River  has  its  rise  in  North  Carolina  and  enters  West  Virginia  at  its  southern  boun- 
duT.  It  flows  through  a  beautiful  mountain  country, sparsely  inhabited,  and  is  compara- 
tively unpolluted  until  it  receives  the  waters  of  Bluestone  River. 

BLUESTONE  RIVER. 

Bluestone  River  is  a  very  small  stream,  draining  a  number  of  mining  camps  and  flowing 
into  Xew  River  about  5  miles  above  Hinton.  Field  assays  at  Pocahontas,  Va.,  and  Gra- 
ham, Va.,  (p.  93),  show  the  presence  of  a  great  deal  of  iroe  acid  in  the  mine  effluent 
waters,  probably  not,  however,  in  suflicient  quantities  to  be  germicidal,  even  if  the  flow  of 
both  were  constant.  It  is  noteworthy  that  all  along  this  stream  algae  flourish,  apparently 
unharmed  by  the  acid.  The  disgusting  pollution  by  privies  in  this  section  is  therefore  car- 
ried down  practically  unchanged,  except  for  the  worse,  into  New  River.  PI.  V,  B  gives  a 
fair  idea  of  sanitary  conditions  at  the  head  of  this  stream  at  low  water.  The  place  pictured 
is  by  no  means  the  worst  on  the  course  of  the  stream.  It  is  evident  that  rain  at  all  times 
washes  privy  droppings  into  the  stream,  and  that  at  liigh  water  the  contents  of  the  privies 
find  their  way  directly  into  the  current.  The  population  of  this  town  is  largely  composed 
of  colored  coal  miners,  who  live  herded  together  along  the  banks  in  squalid  huts,  under  the 
most  unsanitary  conditions.  Typhoid-fever  dejecta  poisoning  this  water  from  these  people 
'fould  have  ample  time  to  be  carried  down  for  many  miles  before  the  case  would  even  be 
brought  to  a  physician  for  treatment. 

Graham,  Va. — Good  water  is  scarce  in  this  section*.  Tlie  52-foot  well  at  Graham,  Va. 
(population  1,500),  shows  very  hard  wat(»r,  unsuitable  for  domestic  use,  yet  it  is  considered 
one  of  the  best  in  the  town.  The  water  stnitum  from  which  this  well  draws  has  apparently 
been  contaminated  by  a  cesspool  sunk  a  few  hundred  feet  above  the  well.  A  sample 
recently  sent  to  the  State  University  at  Morgantown,  W.  Va.,  for  analysis  is  said  to  have 
shown  the  presence  of  intestinal  pollution. 

Pocahontas,  Va. — ^The  public  supply  of  Pocahontas  (population  2,800)  is  obtained  from 
Bluestone  River,  which  is  also  pumped  by  the  Norfolk  and  Western  Railroad  to  supply  its 
shops  at  Bluefleld  and  its  station  at  Graham.  The  partial  field  a.«!says  show  results  of  quali- 
tative tests  for  sulphuric  acid  in  Baby  mine  drainage  at  Pocahontas,  Va.,  and  quantitative 
deteraiinations  of  iron  and  sulphates. 
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Fielil  aamij  of  nxittr  of  Bluet/tone  Rh^r  at  Pocahontas,  Va. 
irartN  i)or  million.] 


Doti*.rininati(in. 


Iron  (Fe) 

Alkalinity 

Sulphates  (SOi) . 


laurel 

Creole      '  Outfall  at 
al)ove  rnino'    moutli. 
waste 


1,000  feet    3.niiifc'«-t 
below  mine     bol(»vk' 
outfttU.    I  ouKhI  1  - 


o  Water  ad<i. 


hMore  acid. 


cMuch  more  add. 


Bluffiddy  W.  Va. — The  jjuhlic  wat(»r  supply  of  Bluofiold  (population  7,000),  on  Brusli  3? 
Fork,  fonns  an  oxcoptioii  to  tlir  gonora!  filthy  cliaractor  of  the  wator  supplies  in  this  sectior^ 
The  supply  ia  dcrivod  from  two  largo  springs  a  few  mihrs  above  town,  which  an»  carefuilj> 
wallod  up  and  protort<'d  against  pollution,  aroidrntal  or  otherwise.  The  supply  is  al«ra>^« 
abundant  and  s<M»nis  to  1h»  of  g<jod  quality,  though  a  littlo  hard  for  laundry  uses.  The  hig-V 
color  is  a  littlo  disrjuioting.  but  may  Im^  duo  to  marshy  drainage  or  a  foul  condition  of  tha« 
pipes.  It  is  undoubtedly  the  host  water  in  this  sertion.  Tlie  water  of  the  deep  wells  ^^.i 
the  bn'wory,  one  of  which  was  jLssaycd,  is  very  much  harder  and  contains  an  apprecial>l4 
amount  of  sulphates.  It  is  us<>d  for  steam  making  at  t|iis  establishment  and  causes  co  s_b 
sidcrable  trouble  in  the  lH:>ileis,  as  might  Ih»  e.xpected. 

FifUl  ojtftaifs  of  xmUr  from  Graham ^  Va.,  arul  lUiuifidd,  W.  Va. 
[  I':irts  i)or  million.] 


DetenninaticMi. 


Turbidity 

Color 

Iron  (Fe) , 

Calcium  (Ca) 

Total  hardnes.s  (us  CaCO/) . 

xMkalinity 

Sulphates  (SUa) 

Chlorides  (CD 


Graham, 

Va., 

52-foot 

weU. 


0 
10 


.5 
1.W 


147 

blO 

24 


BlueneKl.W.\»». 


IMblic   i  70a-fo-->t 
supply.       veil . 


0 
122 

0 
113 
111 
121 
^5 

0 


(«) 


146 
i 

aw    i 

'I 


ji 


«  Very  sli^^ht  trace. 


b  Estimated. 


OKFF.NnitlKIt   KIVEK. 


At  llinton.  New  Kivrr  rerrivrs  an  enormous  amount  of  pollution  from  Greenbrier  River, 
an  imi)ortaiit  tributary,  on  which  tluM-onditions  airo  vrry  unfortunate.  It  is  one  of  the  niu^ 
beautiful  strrains  in  thr  State,  tlie  wtitrr  almost  always  U'lng  very  clear,  but  it  is  poifloor^l 
at  \t<  vi-ry  -ioun-e  by  privy  conlarnination. 

piirft'in.  ir.  Va.  Abovi-  Durbiii.  on  the  headwuter-^^  of  the  stream,  there  are  a  great  miDT 
sjiwiniil-i.  Sanitation  in  thi-si-  mill  eamp>i  eonsi'^ts  in  building  the  privies  directly  over  the 
river  )iiid  in  thruwing  ail  wa>te  and  ti't'ii^i' cither  into  tiie  stream  or  on  the  ground  near  by.  so 
tluit  tliey  call  be  washed  into  tiie  water.  At  Diirbin  feeal  polhition  is  nauseatii^y  abun- 
dant nil  tlie  hanks.  The  raihoad  priv\  i>;  so  located  as  to  (Hseiuirge  into  the  river,  and  anuni- 
Imt  of  the  liouses  drain  nliinKf  directly  into  a  small  run  tliat  enters  the  river  at  this  point. 
M<»rc  hjcdlcss  (Mintarniniit  inn  oi  a  pur«'  and  bc.-niiiful  ri\cr  couhl  hardly  Ix^  imagined.  The 
lield  as^iy  (p.  H">;  shows  a  wat«T  of  alniD-t  perlcct  pinity.  its  high  color  being  the  onlyobji'C' 
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.1.     CHARACTERISTIC  VIEW  ON   NEW  RIVER    WEST  VIRGINIA. 
Snowing  rapid  fiowv. 
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tionablo  featuit*.  The  water  of  the  84-foot  woU  at  this  plaa?  is  of  fair  quality,  not  too  liard 
for  laundry  use. 

M€triini4m,  W.  Va. — Between  Durbin  and  Marlinton  the  contaniinution  from  mill  camps 
is  as  bad  as  above  Durbin.  Marlinton,  the  laip^t  hamlet  in  this  s(.>ction,  is  a  pretty  and  rap- 
idlj'  prowing  lumber  town  of  about  5()0  population.  It  has  no  public  wat^T  supply.  Green- 
brier River  at  tliis  point  sho^-s  an  increase  in  hardness,  but  is  still  a  very  soft  water  (see  table 
below).  The  pollution  at  Marlinton  from  outhous(>s  is  considerable.  A  quasi  public  supply 
is  piped  into  the  railroad  tank,  and  thence  into  a  few  buildings,  from  Knapp  Creek,  a  little 
trout  stream,  comparatively  clean  and  pure.  Tlie  field  assay  shows  the  Knapp  Creek  water 
to  be  of  excellent  quality  for  any  purpose.  Still  better  is  the  water  of  the  large  spring  that 
is  piped  to  two  banks  and  a  boarding  house  in  the  town.  Then^  is  practically  no  mineral 
impurity  in  this  water  except  the  iron.  The  high  color  is  probably  due  to  the  nature  of  the 
drainage.     It  is  the  best  supply  in  this  .section. 

RonceverUf  W.  Va. — Between  Marlinton  and  Ronceverte  (population  about  1,000)  there 
is  a  scanty  population  and  but  little  drainage  from  houses.  It  is  unfortunate,  however, 
that  at  almost  even'  place  where  there  is  a  house  a  privy  either  overhangs  the  stream  or 
stands  cltyse  to  it.  Tlie  Ronceverte  water  supply  is  pumped  directly  from  Greenbrier  River 
into  a  reservoir,  whence  it  flows  by  gravity  into  the  mains.  It  is  used  unpurified  for  all  pur- 
poses, and  the  townspeople  regard  it  as  purt^  water,  because  then*  are  no  houses  directly 
above  the  intake.  In  the  light  of  the  above  discussion  of  Allegheny  and  Monongahela 
rivers  it  is  plain  that  self-purification  in  thus  stream  is  a  negligible  factor.  Wliile  by  no 
means  an  unusually  rapid  stream,  it  is  too  small  for  navigation,  and  its  occasional  pools 
are  si^parated  by  numerous  stretches  of  swift  water.  It  is  so  grossly  polluted  from  its  very 
source  to  a  point  a  mile  or  two  above  the  pumping  station  as  to  leave  no  doubt  of  its  unhealth- 
fuln<'ss  when  used  raw  as  a  public  supply.  Ronceverte  is  not  s(»wen»d,  and  its  drainage  and 
that  of  the  railroad  shops  at  this  point  form  an  important  contri})ution  to  the  river. 

AUersoUf  W.  Va. — At  Alderson,  about  8  mil(»s  below  Ronceverte  (population  tS(X)),  there 
is  no  public  supply.  The  water  of  the  80-foot  well  (assay  below)  is  a  typi<-al  ground  water  of 
this  locality.  Althougli  very  hard,  it  is  a  good  water  for  drinking,  tlie  well  being  cart^fully 
cased  into  the  rock.     There  is  much  defilement  of  the  rivrr  at  this  point  from  outhousi\s. 

TaiUott,  W.  Va. — At  Talcott,  a  hamlet  of  a  few  families,  10  mih's  al)ove  Ilinton,  some 
privies  overhang  the  river.  Dejecta  from  these  drop  directly  into  the  river,  and  could  cer_ 
tainly  infect  supplies  below  in  a  few  hours. 

Fidd  assays  of  water  from  Greenbrier  River  basin. 
[  Parts  pt»r  million.] 


Durbin. 


Marlinton. 


Determination. 


84-foot 
well. 


Turbidity j  0 

Color 22 

Iron  (Fc) '  .1 

Calcium  (Ca) '  40 

TotAl  hardness  (as 

laCOj) I  66 

Alkalinity ^  58 

Sulphates  (SOs) 0 

Chlorides  (CI) L  9 
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I     brier 


0 

40  I 
0  i 
0  I 


0 


0  ' 
3o 
0 


•2S 
30  1 
0 


0 

2  ' 
34  I 

33  I 
24 

(» 

0 


40 


0 
4o 


i") 


37    .. 

4\) 

31 

ist  ' 

3y 

0 

4.->  1 

0 

0 

22  ' 

14 

a  Very  slight  trace. 


'j  Sli^lit  trace. 


NEW  arVER  FROM  GREENMKIER   KIVER  TO  r.AVI.KV   RIVEU. 

HirUon,  W.  Va. — ^Hinton  (population    \M))  U  an   important,  town  coinnion-ially  and 
a  railrc/ad  division  headquarters.     Sanitary  con<liti<ms  arc  unfortunate  iiero.     The  water 
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supply  of  the  town  is  puinptH)  raw  from  Greenbrier  River,  about  a  mile  above  Hinton. 
view  of  the  above-descnl)ed  conditions  in  that  stream  the  quality  of  this  supply  Deeds 
coniiiieiit. 

At  the  junction  of  Gret»nbrier  and  New  rivers  there  is  in  the  stream  a  diaq)ly  mil 
dividing  line  Ix'twet^n  the  clear  Greenbrier  water  and  the  muddy  brown  current  of ! 
iiiver.  Tlie  drainage  ari>a  of  New  River  yields  to  that  stream  a  great  deal  of  silt  and  < 
besides  on>  wa.shings  from  mines,  so  that  a  summer  shower  will  make  its  water  veiy  tu 
for  several  days,  y<»t  will  not  appreciably  cloud  the  Greenbrier.  Field  assay  shows  tha 
wnt<'r  of  New  River  is  of  fair  (}uality  except  for  this  feature.  Sedimentation  in  pn>| 
constniet(>d  basins  would  make  it  very  good  for  industrial  purposes.  The  aocumul 
pollution  of  Gn^nbrier  and  Bluestonc  rivers  should  bar  it  from  use  as  a  source  <^  dom 
supply,  yet  it  is  so  used  at  some  places. 

Between  llinton  and  Tlmnnond,  on  New  River,  there  is  no  town  of  more  than  about  1 
population.  Tlie  hamlets  are  massed  along  the  river  bank,  house  after  house  havin 
privy  located  on  the  river,  st^  that  no  one  would  be  inclined  to  drink  the  raw  water  at  1 
niond  (population  4o())  after  inspecting  the  contamination.  It  is  nevertheless  pumpe 
domestic  purpos(>s,  though  not  for  drinking  by  guests,  at  the  laige  hotel  at  that  town  I 
the  mouth  of  Thurmond  CVek. 

Field  assays  show  the  turl)idity  of  Tlmrmond  Creek,  a  rapid  mountain  stream  dnu 
a  coul  n>gion.  to  l>e  somf>what  hvss  than  that  of  the  main  stream  and  its  quality  to  be  fi 
other  resfM'cts.  It  is  polluted  by-  drainage  from  a  cluster  of  houses  about  100  feet  abov 
mouth. 

PI.  y,  A  gives  some  idea  of  the  rapidity  of  the  current  of  New  River  at  this  point 
makes  unnecessary  the  discussion  of  its  profile.  It  is  evident  that  a  stream  so  rapid 
show  ver\'  little  .s<'lf-purification,  .so  that  pollution  entering  at  any  point  will  be  carried  d 
stream  practically  unchanged,  except,  perhaps,  as  to  the  coarser  matters,  for  many  i 
Ix'low.     The  domestic  us<^  of  this  water  raw  at  Thurmond  is  veiy  dangerous. 

Fitld  aJisays  ofwaUrfrom  New  River  and  Thwrmcni  Crtek, 
[  Parts  per  million.] 


Turbidity 

Color 

In»n  (Ke) 

Calcium  (Cu) 

ToUil  hanlness  (as  CaCO,) 

Alkalinity 

Sulphates  (i^Oi) 

Chlorides  i'Cl) 


a  Very  slight  truce. 


b  Estimated. 


B<'low  Tliunnond  tlie  banks  of  tlie  riv(»r  are  thickly  dotted  on  lx)th  sides  with  little 
lets  inhabited  l)y  coal  miners.  The  Chesapeake  and  Ohio  Railroad  runs  along  the  west 
and  the  Kanawha  and  Michigan  Railroad  along  the  east  hank.  At  every  station  p 
overhang  the  banks,  sometimes  half  a  dozen  within  a  few  feet.  Although  the  total  pc 
tion  as  far  down  aa  Montgomery  is  not  over  a  few  thousand,  it  is  unfortunately  true 
nearly  all  its  excrement  discharges  into  the  stream. 


fJAULEY    RIVER. 


What  has  been  said  of  New  River  is  also  true  of  Gauley  River,  a  beautiful  stream  < 
ing  New  River  at  Gauley  Bridge,  a  village  of  a  few  hundred  population.    At  Camden 
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pOe  aoaioe  of  the  Oauky,  the  water  is  very  clear  and  as  pure  as  any  found  in  a  state  of 

r  Hitiire  80  fac  as  dissolved  mineral  solids  are  concerned.    With  proper  sanitation  along  it-s 

course  the  stream  would  be  an  asset  of  great  value  in  the  wealth  of  the  State.    The  privy 

'  withe  railroad  station  at  Camden  on  the  Gauley  is  located  on  the  bank  of  the  stream,  so  that 

'  ttereta  may  seep  from  it  into  the  water  at  ail  times  and  ordinary  rains  may  wash  much 

yoDation  into  the  stream.    As  the  population  of  this  section  is  very  ^mall  the  sum  total  of 

"the  poQution  as  far  down  as  Ghiuley  Bridge  is  not  great.    The  field  assay  at  Gauley  Bridge 

■bows  that  the  Gauley  at  this  point  is  still  a  very  pure  and  clear  stream,  its  waters  being 

■barply  defined  against  the  yellow  current  of  New  River.    A  sample  of  Cherry  River,  the 

principal  branch  of  Gauley,  taken  at  Richwood,  shows  water  of  the  same  character,  although 

aomewhat  highly  colored.    Much  lumbering  is  carried  on  in  this  section  and  there  is  some 

pollution  of  the  stream  by  the  floating  population  of  the  lumber  camps,  so  that  at  Rich- 

'vood  the  water  of  Cherry  River  is  not  used  for  drinking.    This  follows  the  rule  observed  in 

ether  sections — that  the  small  towns  at  the  head  of  a  polluted  stream  are  the  first  to  abandon 

its  use  as  a  water  supply.    The  water  supply  of  Richwood  is  derived  from  drilled  wells  that 

iBOgp  in  depth  from  200  to  300  feet.    The  water  is  of  very  good  quality  for  a  water  drawn 

from  this  depth.     It  is  fairly  soft  and  should  be  quite  satisfactory  for  general  use,  although 

it  is  by  no  means  equal  to  the  water  of  Cherry  or  Gauley  rivers  if  they  are  kept  clean. 

Richwood  is  the  principal  town  drained  by  the  Gauley.  There  are  a  number  of  small 
communities  besides,  but  it  is  probable  that  the  total  population  of  tlie  area  drained  is  not 
over  3,000.  It  would  require  only  the  most  ordinary  care  to  keep  this  stream  pure  and 
undefiled. 

Fidd  assays  cf  waters  of  Gauley  River  basin. 

[Parts  per  million.] 


Determination. 


TuiWdlty 

Color 

Inm(Fe) 

CaMum  (Ca) 

Tbtil  Ltrdness  (as  CaCOe) 

Alkalinity 

BolphAtei  (SOi) 

CWoride8(Cl) 


Camden, 
Gauley 
River. 


Richwood. 


Gauley 
River. 


Cherry 
River. 


Public 
supply. 


0 

70 

Trace. 

0 
14 
15 

0 


0 
17 

1 
40 
90 
85 

0 
19 


There  are  very  few  springs  in  this  section  and  most  of  these  fail  during  the  latter  part  of 
the  summer.  The  spring  at  Fayette,  which  comes  out  of  the  rock  beside  the  railroad  track, 
ihoodred  yards  or  so  below  the  railroad  station,  is  much  used  for  drinking.  Its  water  is 
▼ery  soft,  but  the  high  chlorides  are  disquieting.  The  spring  at  Kanawha  Falls  is  much 
larger  and  is  piped  down  from  the  rock  for  the  use  of  the  village,  wliich  has  a  population  of 
about  100.     It  is  a  typical  soft  water. 

KANAWHA   RIVER    FROM    GAULEY    BRIDGE   TO   ELK    RIVER. 

Bebw  Gauley  Bridge,  New  River  becomes  the  Kanawha  and  is  lined  on  both  banks  with 
ootl-mining  hamlets,  all  contributing  privy  droppings  to  the  stream. 

The  field  assay  of  Kanawha  River  at  Gauley  shows  a  poor  water  in  comparison  with  that 
of  the  Gauley  or  of  Cherry  River.  The  stream  was  fairly  clear  at  the  time  of  the  assay — a 
lire  condition.  The  channel  is  very  rocky  and  rough,  the  river  in  many  places  flowing 
over  bare  ledges  of  rock.  Although  many  coal  mines  discharge  into  the  stream  with  more 
or  leas  regularity,  the  traces  of  iron  and  sulphates  arc  so  slight  as  to  show  that  so  far  as  the 
dianfecting  influence  of  mine  drainage  is  concerned  the  consumers  of  this  water  have  no 
pnitection. 

IRB  161—06 7 
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MorUgomeryy  W.  Va. — In  spite  of  pollution  the  raw  water  is  used  as  a  public  supplj 
Montgomery.  At  this  place  the  belief  is  entertained,  as  at  other  places  in  the  MonongaJ 
basin,  that  the  mine  drainage  entering  the  river  exercises  sufficient  germicidal  influeno 
the  water  to  make  it  safe  for  drinking.  The  field  assays  of  water  from  New  and  Kana^ 
rivers  fail  to  disclose  a  single  instance  where  there  was  free  acid  in  the  water  or  where 
sulphate  and  iron  contents  indicated  the  presence  of  mine  drainage  to  more  than  a  sli 
degree.  Inspection  of  both  shores  of  the  river  from  its  source  down  to  the  mouth  at  P( 
Pleasant  reveals  no  considerable  outfall  of  mine  drainage.  While  there  are  a  large  num 
of  mines,  there  seems  to  be  very  little  acid  water  coming  out  of  them,  certainly  not  cnoi 
to  be  of  any  sanitary  importance. 

The  quality  of  ground  water  obtainable  at  this  point  is  shown  by  the  field  assay  of  wa 
from  the  145- foot  well  at  Montgomery.  It  is  too  hard  to  be  very  satisfactory  for  domes 
uses  and  its  slight  cloudiness  casts  some  doubt  on  the  safety  of  the  well  from  contaminati 

Field  assays  of  waters  from  upper  Kanawha  btisin. 
[Parts  per  million.] 
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Sulphates  (SOj) 

Chlorides  (CI) , 


Kana- 
wha 
at 
Gauley. 


0 
70 

_  I 

96 
59 
44 

&5 


Spring 

at 
Fayette. 


(«) 


45 

hi 

0 

20 


Spring 
at  Kana- 
wha 
FaUs. 


(«) 


145-foot 
well  at 
Mont- 
gomery. 


Kan 

wbi 

River 

Mod 
gome 


I 


9 
100 
139+ 
133 
&5 
65 


o Slight  trace. 


ft  Estimated. 


ELK   RIVER. 


Sutton  ami  C^ai/,  W.  Va. — Elk  River  is  used  raw  for  public  supply  at  Sutton  (pop 
tion,  1,200),  about  40  miles  })elow  its  source  at  Webster  Springs.  Previous  to  the  us 
the  stream  water  as  a  public  supply  at  Sutton  (assay  on  p.  99)  there  was  much  typhoid  fe 
traceable  to  the  use  of  contaminated  wells.  The  local  physicians  claim  that  there 
been  a  great  falling  off  in  the  number  of  typhoid-fever  cases  since  the  introduction  of 
river  water.  Sutton  drains  into  the  stream,  and  below  it  a  number  of  small  ban 
contrilmte  their  pollution,  especially  in  the  neighborhood  of  Clay  (population,  1,C 
the  county  seat  of  (lay  County.  A  large  mining  population  drains  into  the  stream  f 
this  town  down  to  C'iiarleston,  so  that  the  raw  water  can  not  be  considered  safe  fordom< 
use  at  any  point  Ixilow  Sutton. 


KANAWHA    RIVER    AT   AND   BELOW   CHARLESTON,  W.  VA. 

Chulcston  ,W  A  'a.-  -The  largest  town  in  the  southern  half  of  the  State  is  Charleston  (p< 
lation.  10,000),  which  has  gained  amazingly  in  wealth  and  population  within  the  last 
years.  It  is  in  advance*  of  other  places  in  this  section  in  recognizing  the  fact  that  the  w 
of  Kanawha  Kiver  is  unfit  for  use.  Its  public  supply  is  drawn  from  Elk  River,  a  streai 
great  natural  beauty,  similar  to  Cherry  River  and  Gauley  River. 

The  intake  of  the  Charleston  waterworks  is  about  a  mile  and  a  half  above  the  mout 
Elk  River:  at  this  point  the  current  of  both  Kanawha  and  Elk  rivers  is  very  sluggish,  f< 
ing  a  stagnant  pool,  polluted  by  the  city  sewage  outfalls.     The  water  company  is  plan 
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»iiiite  vpfliieam,  so  as  to  guard  against  this  pollution  being  backed  up  to  tbe 
intake  by  wind.  Tlhe  eonpaiiy  is  abo  considering  the  installation  of  a  crib  in  the  bed  of  Elk 
Rhrer.  The  present  plant  is  exceHenft  m  far  as  it  goes,  there  being  eight  modem  filter  units 
in  uae.  T^na  plant,  however,  is  sufficient  to  poiify  only  about  one-third  of  the  daily  con- 
flomption,  so  that  the  present  procedure  consists  of  filtering  one-third  of  the  supply  and 
then  mixing  the  pure  water  with  the  polluted  water  from  Elk  River.  The  installation  of 
I  crib  for  Charieston  water  supply  would  be  of  no  value  whatever,  as  it  would  only  clarify 
the  water  and  would  not  purify  it  from  oi^ganic  contamination.  In  view  of  the  large  invest- 
ment already  made  in  mechanical  filters  at  this  point,  it  would  seem  best  to  buy  a  sufficient 
number  of  additional  filters  and  provide  for  their  economical  operation,  insuring  a  safe 
water  supply  from  one  of  the  purest  streams  in  the  State  so  far  as  mineral  contents  are  con- 
cetned.    Public  opinion  will  probably  compel  some  such  plan  in  the  near  future. 

The  quality  of  ground  water  obtainable  at  Charleston  is  not  very  good  for  domestic  uses- 
Field  assays  (below)  of  the  two  deep  wells  here  show  that  the  water  of  one  is  fairly  soft  for 
water  drawn  from  so  great  a  depth.  It  is,  however,  extremely  high  in  iron,  which  leaves  a 
heavy  yellow  deposit  on  the  tanks  through  which  it  passes.  The  other  well  is  so  high  in 
chlorides  that  it  would  probably  give  trouble  in  boilers.  Both  waters  are  allowed  to  pour 
out  of  pipes  into  wooden  tanks  so  arranged  as  to  allow  free  oxidation.  The  water  is  then 
used  in  the  manufacture  of  ice. 

St.  Albans t  W.  Va. — St.  Albans  (population,  1,200),  about  15  miles  below,  is  located  at 
the  point  where  Coal  River  enters  the  main  stream.  The  field  assay  of  Coal  River  (below) 
shows  it  to  be  of  good  quality  except  for  high  turbidity  and  color,  both  due  to  the  nature 
of  the  drainage  area,  which  is  mostly  a  heavy  red  soil  in  a  forest  country,  rapidly  being 
denuded.  There  is  no  public  supply  at  St.  Albans.  The  70-foot  well  assayed  is  typical 
Md  shows  a  rather  hard  water  for  domestic  purposes.  From  this  point  the  river  flows 
through  a  rolling  farming  country,  with  scattering  hamlets  along  the  banks,  the  largest 
town  being  Winfield  (population,  500).  The  stream  is  not  used  for  public  supply  below 
Montgomery. 

Field  assays  ofvxUer,  Kanawha  hasin. 

[  Parta  per  million.] 
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a  Minute  trace. 


6  Slight  trace. 


c  Estimated. 
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OUYANDOT   AND   MUD   RIVERS. 


Below  the  confluence  of  the  Ohio  and  the  Kanawha  there  are  no  important  towns  above 
Huntington,  where  two  small  streams  enter,  both  muddy  and  sluggish.  Guyandot  River 
<^in8  a  rather  flat  valley  in  southwestern  West  Virginia,  and  there  are  no  large  towns  on 
Its  drainage  area.  It  is  much  used  to  raft  lumber  down  to  Ohio  River  and  is  much  polluted 
^  field  assay  (p.  100)  of  the  stream  at  its  mouth  at  Guyandot  (population,  1,800)  shows 
Wty'hi^  turbidity;  otherwise  the  water  is  of  fair  quality  for  industrial  purposes.    Mud, 


i 


100 


WATER   IN    UPPER   OHIO   BASIN    AND    AT   ERIB,  PA. 


River,  a  tributary  of  the  Guyandot,  joining  it  at  Barboursville^  drains  a  well-pop 
section  along  the  line  of  the  Chesapeake  and  Ohio  Railroad.  The  largest  town  ( 
stream  is  Milton  (population,  100).  At  this  point  a  somewhat  interesting  ezperime 
made  by  the  railroad  in  the  attempt  to  get  boiler  water  free  from  high  turbidity.  J 
8  by  8  feet  and  18  feet  deep,  was  dug  about  100  yards  from  the  river  bank,  the  wate 
ing  through  the  bank  from  the  stream  into  the  pool.  Tliis  water  was  pumped  to 
for  locomotive  use,  but  has  boon  for  sometime  abandoned.  Comparison  of  field 
show  that  the  water  gained  about  50  per  cent  in  hardness  by  its  filtration  throu 
ground  and  lost  only  about  one-third  of  its  turbidity,  the  particles  of  soil  probablj 
too  fine  to  be  caught  by  the  filtration.  Both  Mud  River  and  the  Guyandot  would  I 
able  for  industrial  use  if  properly  scdimented  with  coagulant  so  as  to  remove  the  sus] 
matter. 

OHIO  RIVER  AT  HUNTINGTON,   W.   VA. 

The  water  supply  of  Huntington  (population,  12,000)  is  drawn  from  Ohio  River,  fi 
As  the  river  receives  the  drainage  of  Kanawha  and  Guyandot  rivers  in  West  Virgir 
Raccoon  Creek,  Guyandot  Creek,  and  Symes  Creek,  Ohio,  near  Huntington,  the 
must  be  puri6ed  to  a  high  degree  to  be  safe  for  drinking.  For  this  reason  the  coi 
ness  of  the  equipment  of  the  Huntington  waterworics  should  be  a  matter  of  loca 
and  general  congratulation.  Huntington  has  the  best  filtration  plant  in  West  Viq 
perhaps  the  only  one  employing  a  bacteriologist.  It  is  controUed  by  the  American 
works  and  Guarantee  Company,  which  employs  Doctor  Witherell  to  make  serial  ai 
here  as  at  Newcastle  and  Butler,  Pa.  The  plant  pumps  from  Ohio  River  by  means 
largo  mains,  separately  controlled  by  gate  valves  and  opening  at  varying  distance 
the  shore  so  that  the  disturbance  of  the  water  resulting  from  variations  in  the  he 
the  river  can,  to  some  extent,  be  counteracted  by  pumping  from  different  levels.  Tl 
mentation  basins  are  very  large  and  dischai^  the  clarified  water  into  six  moder 
filter  tanks  designed  by  the  company,  differing  slightly  from  the  Jewell  type  in  the  f 
cleaning  apparatus  and  in  minor  details.  The  pure  water  is  caught  in  a  large  tank 
the  filters  and  pumped  into  the  mains.  Tlie  plant  is  kept  in  fine  condition  with 
without  and  is  in  every  way  a  credit  to  the  town. 

The  field  assay  shows  the  effluent  from  the  mechanical  filters  to  be  of  very  good  q 
the  mineral  content  being  not  appreciably  higher  than  that  of  the  raw  water  at  Pit 
The  incrusting  solids  are  not  high  enough  to  cause  trouble  in  boilers.  A  fair  qui 
ground  water  is  obtained  in  this  section,  the  field  assay  below  being  of  water  from  a 
well  at  the  ma(!liino  shop.  The  wells  in  tliis  section  range  from  50  to  70  feet  deep,  t 
given  l)eing  typical. 

Field  assays  of  vxiier  from  Milfon,  Ouyandot,  and  Huntington,  W.  Va. 

[  Parts  pt»r  million.] 


Milton. 


I  Guyan- 
I      dot. 


Determination. 


I    8  by  8 
foot  well. 


Mud 
River. 


Guyan- 
dot 
River. 


Turbidity 

Color 

Iron  (Fe) , 

Calcium  (Ca) , 

Total  hardness  (as  CaCOj) . 

-\lkalinily 

Sulphates  (SOa) 

Chlorides  (CI) 


180 

80  ! 

0  I 

107  I. 

118  I 

96  I 


300 
35 
0 


I 


39  ; 


667 
45 

(°) 

Some. 
55 
13 
0 
10 


Hunting 


57-foot 
well. 


0 
22 

1.25 
179 


150 

e20 

29 


a  Very  slight  trace. 


^  Slight  trace. 


c  Estimated. 
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TWELVEPOLE  CREEK. 

Twelyepole  Creek,  which  enters  the  Ohio  at  Kenova,  drains  a  long,  narrow  valley  con- 
taining a  scmttering  farming  population. 

Dunhw,  W.  Va. — Dunlow,  near  the  head  of  the  stream,  is  a  small  village  without  either 
public  water-supply  or  sewerage.  The  well  assayed  ( below )  is  at  the  railroad  station  and  is 
disused.  The  high  color  of  the  water  is  due  to  d<fbris  thrown  into  the  well.  Evidently  a 
fair  quality  of  water  could  be  obtained  here.  Tlie  spring  water  is  much  softer  but  is  liable 
to  high  turbidity  after  excessive  rain,  as  at  the  time  the  assay  was  made.  The  supply  i<  too 
small  to  be  of  value  except  for  private  uses.  The  field  assay  of  the  creek  (  below  )  shows  excel- 
lent water  except  for  the  high  suspended  matter.  The  hardness  is  very  low,  probably  being 
mostly  magnesium  carbonate.  For  any  industrial  purposes  this  water  could  be  made  avail- 
able by  plain  sedimentation.  It  is  somewhat  used  for  drinking  purposes  in  the  raw  state 
aod  evidences  of  privy  contamination  are  plentiful. 

Wayne,  W,  Va. — ^The  stream  follows  the  course  of  the  railroad  and  receives  dejecta  from 
outhouses  at  every  station,' so  that  at  Wayne  (population  400)  the  most  considerable  town 
00  its  drainage  area,  it  is  altogether  unfit  for  use.  There  is  a  deplorable  scarcity  of  water  at 
Wayne,  the  well  assayed  (a  dug  well)  being  the  only  important  source  of  supply.  Although 
this  water  is  of  good  quality  so  far  as  mineral  matter  is  concerned,  the  well  is  liable  to  surface 
contamination,  being  partly  supplied  from  the  roofs  of  the  court-house,  which  are  guttered 
to  lead  into  it.  There  are  no  drilled  or  bored  wells  in  the  town.  In  summer  all  the  ground 
water  fails,  when  water  is  drawn  from  Twelvepole  Creek  and  used  raw.  Conditions  here  are 
very  bad. 

Field  assays  ofioaterftom  Ihirdow  and  Wayne,  W.  Va. 

[Parts  per  million.] 


Determination. 


Turbidity. 

Color 

Iron(Fe).. 


C»kiiim(Ca) 

ToUl  hardness  (as  CaCOa) . 

Alkalinity 

Sulphates  (80«) 

Chlorides  (CI) 


a  KNtimated. 
BIG  SANDY   RIVKR  BASIX. 

TUG   FORK    OF    BIO    SANDY    RIVER. 


Tug  Fork  of  the  Big  Sandy,  which  forms  part  of  the  lx)undary  line  Wtwcen  West  Virginia 
*Qd  Kentucky,  probably  carries  more  oflfensivo  pollution  than  any  stream  in  West  Virginia, 
which  is  saying  a  great  deal.  It  htis  its  rise  near  the  Virginia  line  and  flows  through  a 
densely  populated  coal  region,its  tributaries  and  its  own  banks  being  lined  at  every  {)ossible 
opportunity  with  privies  and  other  sources  of  pollution. 

fforthFori,  W.  Va. — ^North  Fork,  a  typical  coal  camp  of  this  section,  htis  a  public  supply 
from  a  90-foot  well,  said  to  be  carefully  cased  (ace  assay  on  p.  103).  The  only  safe  water  in 
this  section  is  that  drawn  from  such  sources.  The  Norfolk  and  Western  Railway  has  put 
down  wells  at  approximately  this  depth  all  along  its  line.  A  few  of  these  are  not  in  use,  but 
the  majority  of  them  furnish  fair  water.    The  field  assay  shows  this  well  water  to  bo  soma- 
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what  hard,  tho  high  sulphat^^  making  it  undesirable  for  use  in  steanoi  making.  Tug  FoH 
incredibly  pollut^^d  in  its  course  through  this  town.  A  laigo  negro  population  lives 
squalid  huts  along  iLs  banks  and  discharges  excreta  continually  into  its  waters,  the  pri^ 
being  thickly  clustered  together  in  places.  The  stream  is  very  small  at  this  point,  runn 
probably  not  more  than  a  few  second-feet  in  dry  times,  so  that  the  state  of  affairs  can 
readily  imagined. 

Welch,  W.  Va, — At  Welch  (population  (iOO),  the  largest  t-own  at  the  head  of  the  creek, 
extent  of  the  pollution  going  into  the  stream  is  pmbably  greater,  but  tho  public  supph 
rather  carefully  guarded.  It  is  derived  from  200-foot  wells,  which  are  pumped  to  rfti 
voirs.  The  field  assay  (p.  1(W)  shows  this  to  bo  very  hard  water,  undesirable  for  any  purp 
except  drinking.  The  assay  uf  the  Norfolk  and  Western  well  at  this  point  is  interesting 
comparison  ^nth  that  at  North  Fork,  which  shows  a  somewhat  better  water.  The  cb 
impurities  arc  calcium  carl)onute  and  chloride.  For  industrial  uses  tho  water  of  Tug  Fc 
is  far  bett<T  than  either. 

Panther,  W.  Va. — A  characteristic  case  of  watei^supply  pollution  in  this  State  may 

seen  at  Panther,  a  small  luniL>er  hamlet  (population  100)  situated  at  the  confluence 

.  Panther  Creek  with  Tug  Fork.     PI.  VI  gives  two  views  showing  the  character  of  the  pol 

tion  at  this  p<jint.    The  upper  picture  shows  a  number  of  houses  located  on  the  creek  hIx 

a  mile  al)ove  its  mouth. 

It  is  evident  t  hat  dniinage  from  these  privies  and  from  the  houses  must  continually  fine 
way  into  tht^  cre(>k.  Alxiut  1(X)  feet  alM)ve  the  mouth  of  this  creek  is  the  intake  pip«^' 
whicli  its  water  is  pumi>ed  into  a  lai^e  tank  for  supplying  the  mill  and  the  town.  The  i 
dam  cn)sses  Tug  Fork  at  a  point  a  .short  distance  below  the  mouth  of  Panther  Creek, 
lower  pictun*  shows  the  gnmter  part  of  the  mill,  with  a  large  privy  close  to  the  boiler  li< 
and  another  across  Panther  Cn'ek  on  the  left  bank  of  the  Tug  Fork.  It  is  evident 
heavy  rains  may  at  any  time  caust?  a  sufficient  rise  in  Tug  Fork  to  carry  contaminii 
from  either  or  both  these  privi«»s  into  the  intake  pipe  on  the  creek.  This  supply  is  fil 
Typhoid-fever  statistics  an>  unobtainable,  but  a  practicing  physician  in  this  neighl>orl 
informed  the  writer  tliat  he  liad  more  eas<\s  of  tA^phoid  fever  than  of  anything  else. 

Tlic  field  assay  (p.  UKi)  shows  the  water  oi  l*anther Creek  to  be  very  excellent  as  to  i 
ganic  eontent. 

Williamson,  W.  Va.  -  l^'twet»ii  Panther  and  Williamson,  a  distance  of  about  35  m 
numerous  thriving  little  hairiietssojittered  along  the  river,  each  having  a  population  of  a 
hundred,  add  a  lar^e  amount  of  privy  pollution  to  its  water.  Notwitlistanding  this  stal 
affairs,  wliicli  is  w(?ll  known  to  all  who  travel  on  the  Norfolk  and  Western  Railroad,  the 
water  is  used  as  a  souit-e  «>f  public  supply  at  Williamson  (population  l^OO).  A  numb< 
the  citizens  nsdize  the  dan«>:or  of  using  this  polluted  water  and  efforts  are  being  made  to  i 
enough  nionry  to  i>rovide  a  pure  supply.  It  has  U'en  planned  to  build  a  filter  well  in  the 
of  Tuj:  Fork  for  this  purpose.  This  would  free  the  supply  from  the  high  turbidity  which 
present  one  of  its  drawbacks  and  would  make  the  tap  water  clear  and  inviting,  but  would 
assure  safety  to  t  he  consumers  from  water-borne  disea.se.  No  really  satisfactory  supply 
1k»  gotten  for  Williamson  by  this  means.  ICither  a  complete  ground-water  system  .sh" 
\h}.  installed  or  .st<*ps  should  Iw  taken  to  provide  a  mechanical  filter.  The  quality  of 
ground  water  obtainable  here  is  shown  by  iho  field  assay  of  the  Norfolk  and  Western  I 
road  well  at  the  station.  Although  somewhat  hard  it  is  good  water,  quite  satlsfact-or^ 
general  use,  and  if  the  well  were  pn>perly  ea.^(I  would  Ix;  fi-ee  from  danger  of  pollution. 


U.  a.  QEOLOGICAL  SURVEY 


WATER-SUPPLY   PAPER   Na   1«1      PU  VI 


TUG  FORK  OF  BIG  SANDY  RIVER,   NEAR  PANTHER,  W.  VA  ,   PUBLIC-SUPPLY 
INTAKE. 

A,  One-hal*  rr   e  above  intake;    li,  50  feet  below  intake. 
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CONDITIONS   BELOW   PIITSBURG. 

Fidd  asaaifs  of  water  from  hasin  of  Big  Sandy  River. 

[Parts  per  million.] 
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Determiruktioa. 


Turbidity 

Color 

Iron(Fe) 

C«lcium(CA) 

Total  hardness  (as  CaCOa) . 

Alkalinity 

Sulphates  (SOt) 

Chlorides  (CI) 


North- 

Tork, 

W.  Va. 


Welch,  W.  Va. 


Panther. 


9a-foot 
well. 


0 
22 

2.5 
96 


Well. 


77 
106 
20 


0 
10 

1 
56 
132 
58 
05 
62 


200-foot  I  Panther 


well. 


0 
34 


1.25 


43 
115 


(reek. 


Williamson.  W.  Va. 


well. 


120 

as 

9 


Fork. 


0 
44 

0 
27 
62 
28 
a20 
14 


a  Estimated. 


BIO    SANDY    RIVER   BELOW   TUO   PORK. 


Kerma^  W.  Va. — Kenova  (population  1,000),  a  few  miles  Mow  Huntington,  formerly 
took  its  water  from  driven  wells.  The  supply  is  now  drawn  from  Big  Sandy  River  with- 
out purification.  Tlie  field  assays  show  this  to  be  a  much  better  water  for  any  purpose 
than  that  of  the  Ohio  River,  the  extremely  high  turbidity  of  the  Ohio  putting  it  out  of 
the  question  for  industrial,  uses  before  filtration. 

Fidd  assays  ofvxUerfrom  Big  Sandy  and  Ohio  rivers  at  Kenotnif  W,  Va. 
[Parts  per  million.] 


Determination. 


^^gi^fe?!*^  Ohio  River. 


Turbidity 

Color 

Iron(Fe) 

Cakdum  (Ca) 

Total  hardness  (as  CaCOt) 

Alkalinity 

Sulphates  (SOs) 

Chlorides  (CI) 


422 
44 

0 
50 
69 
52 
olO 
24 


a  Estimated. 


SUMMARY  OF  CONDITION.S  BELOW  PITTSBURG. 

TTie  water-supply  problems  before  municipalities  on  Ohio  River  and  on  the  Kanawha 
are  not  fundamentally  different  from  those  confronting  towns  on  Allegheny  and  Monon- 
gahela  rivers.  In  the  case  of  the  Ohio  we  have  seen  that  although  the  water  is  heavily 
contaminated  by  sewage  from  over  half  a  million  people,  it  is  extensively  used  for  drink- 
ing in  its  raw  state.  TTie  only  possible  plea  for  such  use  is  that  there  is  self-purification 
going  on  in  the  river.  No  elaborate  argument  is  needed  to  sliow  the  fallacy  of  this  plea 
after  the  discussion  already  presented.  It  is  sufficient  hen*  to  say  that  conditions  on  the 
Ohio  are  less  favorable  to  purification  by  detention  than  on  the  Monongahela,  whore 
purification  has  been  shown  to  be  imperfect  or  inefficient.  For  this  inefficiency  there  are 
two  reasons:  First,  although  the  Ohio  is  well  canalized,  it,s  greater  slope  and  greater  quan- ; 
tity  of  water  make  its  velocity  consideral)Iy  higher  than  that  of  the  Monongahela;  secondl 


104  WATER   IN   UPPER   OHIO    BASIN   AND   AT   ERIE,  PA. 

enormous  frosliets,  which  occur  in  the  MonongaheU  in  the  spring,  happen  much  more  fre- 
quently in  the  Ohio,  every  heavy  rain  causing  a  sharp  rise,  and  as  the  difference  between 
high  and  low  wat^^r  in  this  river  is  oO  feet  or  more,  it  is  perfectly  clear  that  patb<%eiue 
material  deponitod  at  the  bottom  l>y  sedimentation  could  be  scoured  out  at  frequent  inte^ 
vaLs,  poisoning  the  water  for  use  as  a  source  of  public  supply.  The  only  way  to  obtain 
pure  water  from  the  Ohio  is  to  resort  to  filtration,  and  the  experience  of  numerous  towns 
in  the  valley  and  on  the  Mississippi  River  has  shown  that  for  this  turbid  water  mechio- 
ical  filtration  is  more  practicable  than  slow  sand  filtration.  This  is  partly  because  of  the 
ability  of  small  towns  to  pun*lia.se  and  operate  a  small  filter  plant,  the  cost  of  the  Elnglish 
system  Ixnng  prohibitive,  and  partly  because  waters  of  such,  high  turbidity  clog  sand  filten 
very  rapidly,  causing  a  greatly  increased  operating  expense. 

In  spite  of  the.se  conditions,  on  the  whole  stretch  of  stream  between  Pittsbuig,  Pi-i 
and  Catlettijbuig,  Ky.,  there  is  but  one  town — Huntington,  with  about  12,000  inhabittots- 
efficiently  operating  a  filtration  plant,  and  but  three  towns  where  natural  filtration  of  any 
importance  has  been  attempted — Moundsville  and  Point  Pleasant,  in  West  Virginia,  tad 
Gallipolis,  in  Ohio.  The  typhoid  fever  statistics  obtainable  for  Gallipolis  condemn  all 
three  supplies,  and  it  is  altogether  likely  that  a  heavy  percentage  of  unreported  cases 
should  \ye  added  to  the  official  figures.  Altogether  there  is  uigent  need  in  this  section 
for  education  along  sanitary  lines. 

The  tributary  streams  s(.*em  worse  than  the  Ohio,  because  they  are  so  much  smaller 
and  the  contamination  Ls  so  much  more  apparent.  The  cases  noted  where  privies  are 
located  but  a  few  hundred  (cet  or  a  few  miles  above  the  intake  of  a  public  supply  are  not 
cit-ed  as  unusual  or  extreme  cast^.  On  the  contraiy*,  in  describing  these  conditions, an 
effort  has  U'en  made  to  speak  as  moderately  as  possible.  The  facts  themselves  are  suffi- 
ciently startling.  It  is  a  practically  universal  custom  in  West  Virginia  to  build  privies 
on  running  streams  if  it  Ls  possible  to  do  .so  without  going  too  far  from  the  house,  llid 
was  found  to  l)e  the  ca.se  to  a  greater  or  less  degri^e  on  every  stream,  of  whatever  size, 
in  the  State.  .Vs  a  result  every  stream  in  Wc,st  Virginia  is  grossly  polluted  and  at  the 
same  time  used  without  purification  for  domestic  water  supply. 

On  New  and  Kanawha  rivers  the  conditions  niv  even  worse  than  on  the  Ohio,  on  account 
of  the  c'l<)s4>ly  collected  coal-mining  population  along  the  banks  of  the  streams.  The  veloc- 
ity of  the  water  in  these  stnMuns  is  so  high  tliat  detention  is  a  negligible  factor  although 
the  Kanawiiu  is  to  some  extent  canalized,  and  the  only  influence  toward  self-purification 
that  ne(><l  Ik*  considered  is  the  germicidal  (effect  of  mine  drainage  and  ore  wa.shing8. 
It  has  iH'en  shown  alH)ve  that  neither  hulpluiric  acid  nor  the  sulphates  are  present  in  this 
water  in  suilicieiit  ({uantity  to  make  them  at  all  comparable  with  the  waters  of  the  Monon- 
gahela  and  You^hiogheny.  It  lias  Immmi  shown  such  influences  are  ineffective  in  puri- 
fying^ the  Voujjhiogheny.  On  Kanawha  and  New  rivers  they  are  practically  negligible, 
l>einj?  just  snfIi<Ment  to  impart  unpleasant  quaUties  to  the  water  without  having  any  germi- 
cidal eirecls. 

ERIE.  PA. 

The  city  of  Krie  (population.  (lO.(KKJ)  is  located  on  the  south  shore  of  Ijake  Erie  and  of 
I*res(|ue  Ulc  Hay,  a  small  Ixxly  of  water  alxiut  1  miles  long  and  Ij  miles  wide,  with  an 
avenij^e  depth  of  1')  feet,  although  a  portion  of  tlie  bay  is  22  feet  deep.  The  bay  is  land- 
locked sav(>  at  t\u)  eastern  end,  where  a  3tJ(>-f(M)t  chaniu'l  conn(><>.ts  it  with  Lake  Erie. 

Th(?  first  city  supply  was  derived  by  j^ravity  from  a  sprinjr-fed  reservoir.  On  the  aban- 
tlonment  of  this  system,  many  years  ago,  the  supfjly  was  drawn  from  the  bay  at  a  point  975 
feet  north  of  the  southern  shoi-e.  As  the  city  grew  in  jM>pulation  and  the  sewers  of  many 
thousands  of  jx'ople  jwured  their  daily  pollution  into  the  bay,  the  supply  speedily  became 
unfit  for  use,  and  in  18(K3  the  pn\sent  intake  was  built.  It  is  (K)  inches  in  diameter  and 
extends  for  S.fXX)  feet  out  into  the  bay. 

The  j)resent  supply  is  then'f<>n'  taken  from  what  is  practically  a  large  .sedimentation  basin 
of  the  dimensions  alwve  given,  the  detention  in  which,  though  somewhat  disturbed  by  the 
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wind  ind  the  riang  and  falling  of  the  lake  level,  would  yet  cause  great  improvement  in  tt 
quality  of  the  water  if  the  pollution  were  not  of  the  grossest  character.  Tlie  fact  is,  howeve 
thit  the  contamination  is  so  offensive  in  kind  and  so  great  in  amount  as  to  make  tl 
witer  utterly  unfit  for  drinking  or  domestic  use  in  its  raw  state.  The  conditions  were  vei 
well  summarized  by  Judge  Walling  in  his  recent  decision  of  the  suit  brought  by  certain  pe 
BOOS  to  restrain  the  commiasioDers  of  the  city  of  Erie  from  proceeding  with  the  improvemei 
of  the  supply. 

The  city  is  situated  on  land  descending  to  the  bay,  into  which  the  contents  of  62  miles  ( 
aewera  are  emptied,  and  which  also  receives  the  washings  from  31  miles  of  paved  streets  aE 
much  filth  from  bams  and  other  buildings.  Nearly  10,000  water-closets  are  in  daily  use  i 
the  city,  the  discharge  from  which  is  carried  into  the  bay.  A  laigo  amount  of  garbage  ac 
offal  is  also  thrown  into  the  bay  from  ships  in  the  harbor  and  from  fish  houses  and  othi 
buildings  on  the  shores.  The  creeks  that  run  through  the  city  into  the  bay  are  practical 
opeD  aewera  from  the  county  farms  and  other  places  west  of  the  city.  Tlie  city  of  Erie 
thus  using  the  bay  both  as  a  cesspool  and  as  a  source  of  water  supply.  With  the  sewa( 
from  all  these  sources  daily  going  into  the  bay,  there  to  be  circulated  by  the  movements  < 
the  water  till  the  whole  is  simply  somewhat  diluted  sewage,  and  the  city  at  the  same  tin 
pumping  its  water  out  of  the  pollution,  the  figures  showing  typhoid  mortality  seem  surpri 
uiglj  k>w.  The  following  table,  taken  from  statistics  by  the  board  of  health  of  the  city  < 
£rie,giyen  in  its  annual  report  for  1904,  shows  the  number  of  deaths  in  this  city  from  typho 
fever  as  well  as  the  rate  per  100,000  of  inhabitants,  from  1876  to  1904,  inclusive: 

Typhoid  mortality  aJt  Erie,  Pa. 


**x. 


Year. 

Deaths. 

Rate  per 
100,000. 

Year. 

Deaths. 

Ratem 
100,000 

m 

13 
10 

17 
19 

10 
11 

19 
29 

20 
40 
23 
22 
14 
58 
62 
19 
18 
29 
31 
19 
23 
48 
71 

i,». 

30 
24 
15 
17 
21 
18 
13 

8 
18 
18 

8 
13 

'' 
27 

W77.. 

1892 

m 

1  *°*^ 

1893 

IKS....                  

1804.              

m 

1895 

im 

1896 

M82...                    

1897.. 

]« 

■  1898 

UM 

1899 

IfflS...                         

1 

i  1900 

MM 

1901 

i  1902 

1903 

1904 

1887 

1888...                  

18W.  .                  

U90 

Hiat  the  figures  show  no  uniformity  of  increase  during  the  earlier  years  is  probably  di 
in  part  to  incomplete  returns  and  in  part  to  the  more  accurate  methods  of  diagnosis  of  tl 
present  day,  which  distinguish  as  typhoid  fever  some  diseases  that  wore  formerly  classifi( 
otherwise.  For  the  years  1887  to  1895  the  tendency  is  seen  to  be  quite  clearly  upward.  TI 
extension  of  the  intake  pipe  in  1896  had  its  effect  in  lowering  the  mortality  rate  for  a  time,  \ 
is  shown  by  the  steady  decrease  for  three  years,  1896  to  1898,  inclusive.  Tliat  this  improv 
meat  could  continue  long  with  the  rapid  growth  of  population  and  coincident  increase* 
pollution  was  not  to  be  expected.  With  the  exception  of  the  year  1901  the  figures  ha^ 
climbed  steadily  upward  until  in  1904  there  were  in  the  city  46  deaths  from  typhoid  fever 
the  hundred  thousand — certainly  too  many. 

The  dangerous  character  of  this  waUir  should  be  obvious  to  anyone  who  sees  the  sewa] 
going  into  the  bay  and  then  sees  it  pumped  out  as  drinking  water.  Sanitary  inspection 
to-day  oonaidered  more  trustworthy,  in  the  absence  of  conditions  allowing  perfect  contn 
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than  sanitary  analysis.  In  this  instance  there  are  no  factors  modifying  the  character  of  the 
supply  that  can  not  be  accurately  estimated,  as  the  water  is  not  subject  to  great  fluctuatioos 
in  quality  or  quantity.  The  evidence  at  hand  may  therefore  be  well  supplemented  by  aui- 
tary  analyses  of  this  water  made  by  Dr.  W.  P.  Mason,  covering  the  period  from  1892  to  1901, 
which  show  the  gradual  increase  in  sewage  pollution  by  the  steady  rise  of  the  chlorine  ood- 
tent.  As  the  quantities  considered  in  water  anal3rsis  are  very  small,  a  change  of  a  smiB 
fraction  of  a  part  per  million  may  be  significant,  in  the  absence  of  adequate  cause  for  it.  No 
sanitary  analysis  of  water  is  valuable  except  when  it  is  considered  in  conjunction  with  the 
exact  conditions.  In  this  case  the  conditions  exclude  any  factor  but  the  increase  in  f 
poUution  to  account  for  the  increase  of  chlorine. 

Sanitary  analyses  of  water  at  Erie,  Pa. 
[.Vnalyaes  by  W.  P.  Mason,  in  parts  per  million.] 


Sample 
No. 


Place  and  date. 


1 1  Intake  Juno,  1892 

2 Pilteburg  dock,  June,  1892 

3 Big  Bend,  June,  1892 

4 Faucet  In  residence,  June,  1892. 

5 '  New  intake,  Juno,  1900 

6 New  intake,  September,  1900  . . . 

7 New  intake,  November,  1900  . . . 

8 New  intake,  February,  1901 


Total 
solids. 


132 
128 
138 
141 
115 
105 
171 
135 


Albumi- 
noid am- 
monia. 


0.175 
.200 
.145 
.190 
.146 
^33 
.048 
.112 


Free 
ammonia. 


0.100 
.130 
.065 
.060 
.155 
.073 
.061 
.060 


Nitrates.!  Chlorioe. 


Trace. 

Trace. 

Trace. 

Trace. 

0.137 

.063 

.067 

.200 


6 
6 
7 
6 
2 
9.5 

».3 


Aside  from  the  remarkably  low  figure  for  June,  1900,  the  rise  in  the  chlorine  content  c^* 
this  water  is  too  steady  and  too  uniform  to  be  mistaken.    The  low  figure  mentioned  ma^ 
have  been  due  to  the  fact  that  the  sample  was  taken  just  before  the  seasonal  change  in  th^ 
water  strata,  due  about  August  at  Erie.     The  summer's  accumulation  of  sewage  was  prob^ 
ably  stirred  up  from  the  bottom,  making  the  chlorine  content  in  the  next  sample  higher  anJ 
the  fi^irc  for  iho  Juno  sample  very  low.     This,  however,  would  only  partially  explain  the 
difrercnce.     The  HiihI  lijj^ires,  8.5  parts  per  million,  acquire  further  significance  when  com- 
pared with  those  of  Doceml>er,  1889,  when  at  the  inlet  of  the  water  works,  then  much  closer 
to  the,  shoR',  the  chlorine  content  as  determined  by  Doctor  Cresson  was  but  3.188  parts  per 
million.  * 

Tlic  columns  headed  free  ammonia,  albuminoid  ammonia,  and  nitrates  give  the  quantity 
of  nitrogen  in  tliis  wat^T  expressed  in  the  three  forms  in  which  it  was  determined.  So 
expressed,  the  amount  of  nitrogen  found  in  water  is  an  index,  under  proper  conditions, 
of  the  amount  of  organic  matter  prcst»nt.  Taken  by  itself,  any  one  of  these  factors  is  mean- 
ingless; taken  in  conjunction  with  a  number  of  others  in  cases  where  it  is  impossible  to  con- 
trol the  factoids  of  impurity,  as  in  the  Mississippi  River,  they  may  be  misleading;  but  in  the 
case  of  Presquc  Isle  Bay  there  is  no  possibility  that  much  organic  matter  gets  into  the 
water  except  tlirough  sewage  contamination.  This  being  admitted,  the  figures  show  that 
there  was  much  organic  pollution  at  the  time  of  the  analyses. 

Nor  is  bacteriological  evidence  wanting  of  the  contamination  of  the  basin.  The  foUowing 
figures,  summarizing  analyses  made  by  Doctor  Mason  from  April,  1901,  to  February,  1903, 
shows  the  presence  of  bacteria  which  are  invariably  associated  with  wastes  from  animal 
intestines: 


ERIE,  PA. 
Baderidlogicdl  antdytes  of  water  at  new  intake  j  Erie^  Pa. 
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Dftt«. 

Taste. 

Odor. 

Color. 

Turbid- 
ity. 

Alkalin- 
ity. 

Bacteria 
pi»r  c.  c. 

Bacillus 

coll  com- 

manis. 

Afir.  1,1901 

0 
0 

0 

0 

0.1 

0 
•  Trace. 
.22 
.2 

10 

6 

0 
Slight. 

(°) 
Slight. 

47.5 

50 

50 

50 

90 

5,500 

Present. 

7iiM  10, 1901            . 

Present. 

Oct  1,1901 

0  '          0 

119 
637 
402 

None. 

JaiL22,19Q2         

0 
0 

0 
0 
0 

Afir.,  1902 

Present. 

leb.»,  1903 

«  Very  slight. 

AH  but  one  of  these  samples  cont&ined  bacillus  coli,  which  could  only  have  entered  the 
i&ter  by  faecal  contamination.  The  evidence  seems  conclusive  that  Presque  Isle  Bay  is,  as 
118  s&id  by  Mr.  George  Y.  Wisner  in  his  report  to  the  commissioners  upon  the  ad  visibility 
of  getting  a  new  supply,  "little  less  than  a  diluted  cesspool." 


u 


Fia.  3.— Map  of  Erie,  Pa.,  and  Erie  Harbor,  showing  proposed  Improvement  in  water  supply. 

It  became  necessary  either  to  filter  this  water  or  to  get  a  new  supply  from  Lake  Erie.  The 
fomier  course  would  involve  a  very  large  first  cost,  both  for  the  filtering  plant  itself  and  for 
tiie  intercepting  sewer  that  would  be  nece^ary  to  convey  all  contamination  out  into  the 
lake,  as  otherwise  the  imperfections  of  practical  operation  would  make  the  effluent  highly 
suspicious.  The  most  economical  solution  of  the  problem,  as  well  as  the  best  in  the  long 
run,  is  certainly  the  plan  adopted — that  of  extending  the  present  intake  pipe  out  into  Lake 
Erie  to  a  sufficient  distance  to  insure  a  pure  supply  for  some  time  to  come. 
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The  foUowing  analyses  of  Lake  Erie  water  show  that  it  is  greatly  superior  to  the  water  d 
the  bay,  and  that  it  contains  no  bacteria  that  point  to  sewage  contamination: a 

AruUysea  of  Lake  Erie  water. 
[Parts  per  million.] 


Date. 


Free 
jnmo- 
nia. 

Alb. 

ammo- 

nU. 

Chlo- 
rine. 

Ni- 
trates. 

Alka- 
linity. 

ToUl 
solid. 

Vffik. 

0.030 

0.075 

6.6 

0.15 

42.5 

140 

z,m 

.02 

.005 

.075 

50 

126 

.071 

.093 

.037 

50 

134 

n 

.053 

.100 

.125 

55 

172 

m 

.050 

.150 

.025 

100 

142 

• 

.030 

.105 

.1 

97.5 

147  . 

i 

%m 

Apr.  1,1901. 
June  10, 1901 
Oct.  10, 1901. 
Jan.  22, 1902. 
Apr.  19,  1902 
Feb.  20, 1903 


Although  this  water  is  far  superior  to  the  present  supply,  the  increase  in  alkalinity,  probi- 
bly  due  to  sewage  contamination,  would  seem  to  indicate  that  in  time  filtration  will  be  nee- 
cssary.    The  direction  of  the  prevailing  winds  on  the  lake,  together  with  the  eastward  off- 1 
rent,  causes  the  sewage  from  Toledo,  Sandusky,  Cleveland,  and  Ashtabula  to  be  drifted  eiitr  a 
ward.    The  great  distance  of  Toledo  and  Sandusky  from  Erie  make  it  probable  that  thtf  ^ 
sewage  is  completely  oxidized  before  it  reaches  the  Erie  intake.    Ashtabula,  a  city  of  13/100  : 
population,  Ues  about  48  miles  west  of  Erie,  and  Cleveland,  with  381,000  people,  about  90  ' 
miles  west.    The  currents  set  along  the  south  shore  and  such  sewage  from  these  places  tf 
does  not  sink  to  the  bottom  within  the  first  few  miles  after  leaving  the  towns  is  swept  tt^ 
ward,  steadily  decreasing  in  quantity  and  becoming  less  dangerous  in  quality  until  mtf 
Prcsquo  Isle  it  begins  to  take  a  more  northeasterly  direction.    Yet  at  no  time  can  it  pnAntr 
bly  dangerously  affect  the  quality  of  the  new  supply,  as  there  seems  to  be  every  favonbl0 
condition  in  this  immense  body  of  water  to  insure  perfect  oxidation  of  the  contaminatiaf 
influents  before  the  Erie  intake  is  reached.    Tlie  contingency  of  increasing  pollution  of  tb0 
lake  water  is  of  less  present  importance  than  the  turbidity  occurring  at  certain  seasons  d- 
the  year,  which,  as  may  be  seen  from  the  foregoing  analyses,  may  be  high  enou^  to  giv0 
the  wat(T  an  objectionable  appearance.     This  difiiculty  can  certainly  be  overcome  by  Ui0 
construction  of  sedimentation  basins  on  Presque  Isle,  as  provided  in  the  plans. 

The  projected  improvements,  designed  by  Mr.  George  II.  Feikkell,  and  now  going  rapidly 
fon^'^ard  uud(T  his  direction,  oontemplate  the  extension  of  the  60-inch  steel  intake  pipe  about 
10,000  feet  northward  beyond  the  pres(^nt  intake,  across  Presque  Isle  Peninsula  and  into 
Lake  Erie,  with  5-foot  gate  valves  for  connections  with  the  settling  basins,  etc.,  and  a  timber 
crib,  weighted  with  stone,  proti^ting  the  end  of  the  intake  pipe,  which  terminates  in  a 
special  opening  about  25  foot  below  mean  lake  level.  The  work  shows  a  number  €i  c<m- 
struction  foatures  of  interest ,  in  particular  the  submarine  joint  designed  for  this  work.  Thii 
has  a  gasket  of  load  pipe  snugly  fitting  the  steel  intake  pipe,  and  when  the  joint  is  made  the 
IG-iuch  bolts  an'  screwed  up  :K)  as  to  bring  the  flanges  together,  compressing  the  lead  between 
them  and  insuring  a  tight  joint. 


a  Uupt.  Dupt.  Uoalth,  1902  and  1904. 
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A.  Page, 

[rainage.    See  Mine  drainage. 

u,  water  Irom,  assay  of 46 

ipply  of 46 

f.,  water  supply  of 21 

iT.  Va.,  water  from,  assay  of 95 

opplyof 96 

Pa.,  iUter  crib  at 63 

I  fever  at 63,77 

liver,  basin  of,  description  of.  10-1 1 ,  29 

t,  map  of 11 

otionin 10-29 

^ 66 

65 

>nof 12-14,15-16,21-22,24,27,20-30 

if ,  plate  sliowing 30 

r,  analyses  of 12-14,15,21,22,24,74 

leth,  flow  measiuenient  by 65 

;reek,  water  from 25 

lU.,  poUution  at 67 


B. 


74 
48 
48 
84 
85,87 


ItaUtyof 

Pa.,  water  at 

rem,  assay  of 

Is.  Pa.,  typhoid  fever  at 

rom,  assay  of 

apply  of 84-85,87 

er.  basin  of,  pollution  in 7^-85 

mof 84-85 

rom,  assay  of 85 

W.  Va.,  water  from,  assay  of . . .       33 

opplyof 31,33 

,  water  from,  assay  of 48 

opplyof 48 

River,  basin  of,  pollution  in. . .  101-103 

in  of 103 

rom,  assay  of 103 

V.  Va.,  water  from,  assay  of 94 

apply  of 94 

aiver,  pollution  of 93-94 

rom,  assay  of 94 

beadof 94 

I,  W.  Va.,  water  from,  assay  of  .       88 

upidyof 87-88 

-,  on  germicides 71 

iss.,  typhoid  fever  at 9 

Pa.,  typhoid  fever  at 53 

upply  of 53,54 

Pa.,  typhoid  fever  at 13 

rom,  assay  of 14 

upply  of 10,13 

ICass..  t3rphoid  fever  at 9 

ille.  Pa.,  water  supply  of 23,24 
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Brookville.  Pa.,  typhoid  fever  at 26 

water  from,  assay  of 26 

water  supply  of 26 

view  ol 26 

Brownsville,  Pa.,  water  from,  assay  of 44 

water  supply  of 43,44 

Brushy  Fork,  water  of 94 

Buckhannon.  W.  Va..  water  from,  assay  of.  31 
water  supply  of 31-32 

Buckhannon  River,  pollution  of 31-^ 

water  from,  assays  of 31,32 

Buffalo  Creek,  water  of 38 

Bumsville,  W.  Va..  water  from,  assay  of . . .  92 
water  supply  of 91,92 

Butler.  Pa.,  typhoid  fever  at 83 

water  from,  assay  of 84 

water  supply  of 83-S4 

C. 

Cairo,  W.  Va.,  water  from,  assay  of 92 

water  supply  of 92 

Cambridge,  Mass.,  typhoid  fever  at 10 

Cambridge  Springs,  Pa.,  typhoid  fever  at . .       19 

water  from,  assays  of 19 

water  supply  of 19 

Camden,  W.  Va.,  water  from,  assay  of 97 

water  supply  of 96-97 

Cameron,  W.  Va.,  water  from,  assay  of 88 

water  supply  of 88 

CanoDsburg.  Pa.,  water  from,  assay  of 76 

water  supply  of 76 

Carnegie,  Pa.,  water  at 74 

Casselman,  Pa.,  water  at  48 

water  from,  assay  of 48 

Casselman  River,  pollution  of 46-48,53 

water  from,  assay  of 47, 49 

Charleroi,  Pa.,  typhoid  fever  at 43 

water  supply  of 43 

Charieston,  W.  Va.,  water  from,  assays  of  .        99 

water  supply  of 98-99 

Charticrs  Creek,  pollution  of 75-76 

Cheat  Ilivcr,  flow  of 42,65 

pollution  of 39-40,53 

profile  of.  plate  showing 30 

water  from,  assays  of 40 

Cherry  River,. pollution  of 97 

water  from,  assays  of 97 

Chester,  W.  Va.,  water  from,  assay  of 87 

water  supply  of 85 

Clarion,  Pa.,  typhoid  fever  at 23 

water  from,  assay  of 24 

water  supply  of 23-24 

Clarion  River,  faU  of 29 
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Clarion  River,  pollution  of 22-24 

water  from,  assay  of 24 

Clarksburg,  W.  Va.,  water  from,  assay  of . .  30 

water  supply  of 35-36 

Clay,  W .  Va.,  water  supply  of 98 

Clover  Run,  water  from,  assay  of 27 

water  supply  from 27 

Coagulation,  cffwts  of 60-70 

See  aUo  Stnlimentation. 

Coal  River,  water  of 99 

water  from,  assay  of 99 

Colfax,  W.  Va.,  water  from,  assay  of 33 

water  supply  at 33 

Columbus,  Ohio,  filter  gallery  at 5C 

typhoid  fever  at 56 

Conemaugh  River,  pollution  of 27-29 

water  from,  assays  of 28 

Conewango  Creek,  pollution  of 14, 15 

Confluence,  Pa.,  water  from,  assay  of 40 

water  supjily  of 48-49 

ConnellsvlUo,  Pa.,  typhoid  fever  at 49 

water  from,  assay  of 60 

water  supply  of 49-50 

Connoquenessing  Creek,  pollution  of 83-84 

water  from,  assay  of «84 

Copeland, ,  work  of 11 

Copper  sulphate,  effects  of 73 

C^raopolis,  Pa.,  water  supply  of 78 

Corry,  Pa.,  typhoid  fever  at 18 

water  from,  assay  of 19 

water  supply  of 18 

Covington,  Ky.,  tj^hoid  fever  at 67 

Coxes  Creek,  water  of 48 

water  from,  assay  of 48 

Cribs,  niter.    iStfc  Filter  cribs. 

D. 

Davaine.  on  germicides 71 

Dorry,  Pu .,  water  supply  at 52 

Detention,  meaning  of dC) 

Sec  also  Sedimentation. 

Detroit.  Mich.,  t j^)hoid  fever  at 08 

Dilution,  elTccts  of (id, 68-09 

Disease-producing  organisms,  vitality  of...      54, 

72-73,74 
Drakes  Run,  water  of 48, 40 

water  f nmi,  assay  of 49 

Dry  Fork,  water  from,  ass^jy  of 40 

water  of 39, 40 

Dubois,  Ph.,  typhoid  fever  at 25 

water  supply  of 25, 20 

water  from,  assay  of 20 

Dunbar,  Pa.,  water  from,  as.say  of 50 

water  supply  of 50 

Duniow,  W.  Va.,  water  from,  assay  of 101 

water  supply  of 101 

Durbin,  W.  Va.,  water  from,  assay  of 95 

water  supply  of 94-95 

E. 

East  Liverpool,  Ohio,  typhoid  fever  at 85-80 

water  supply  of 85-80 

Eldrcd,  Pa.,  typhoid  fever  at 12 

water  from,  assay  of 12 

water  supply  of 12 

Elk  Creek,  water  of 22 


Elk  Lick,  water  from,  aaaays  of 

Elk  River,  pollution  of 

water  from ,  assay  o  i 

Elldns,  W.  Va.,  water  from,  assay  of 

water  supply  of 31,J 

Ellwood  City,  Pa.,  water  from,  assay  of  . . .     I 

water  supply  of i 

Emlenton,  Pa.,  water  from,  assay  of i 

water  supply  of a-3 

Erie,  Pa.,  map  of.  showing  new  water  supply    Id 

typhoid  fever  at M 

water  supply  of 104-10 

analysis  of 106,107,10 

Erie,  Lake,  water  from,  assay  of 10 

Etna,  Pa.,  filter  crib  at 804 

filter  crib  at,  water  from,  assay  of < 

water  from,  assay  of < 

Evans  City,  Pa.,  water  from,  assay  of J 

water  supply  ol J 

F. 

Fairchanoe,  Pa. ,  typhoid  fever  at i 

water  supply  of 4H 

Fairmont,  W.  Va.,  water  from,  assays  of. .  37. J 

water  supply  of 37-J 

Fall  of  rivers,  self-purification  and.  relations 

of 29,53^,103-11 

Fall  River,  Mass.,  typhoid  fever  at 1 

Fayette,  W.  Va.,  water  at 97,1 

water  from,  assay  of 1 

Filter  cribs,  description  of 5f^ 

efficiency  of 

Instances  of,  descriptions  of 57^ 

Fllt<T  galleries,  description  of 54- 

efflciency  of 

instances  of.  descriptions  of 5^^ 

Filter  wells,  description  of 63- 

Instances  of,  descriptions  of 54,87,92-* 

Filtration,  devices  for .*tt,78^ 

Filtration,  natural,  discussion  of 54-* 

efliciency  of 57,63,' 

explanation  of i 

methods  of i 

Sff  also  Filter  cribs;  Filter  galleries; 
Filter  wells. 

Findlay ,  Oliio.  filter  gallery  at I 

t>T)hoid  fever  at WW 

Fish  Cnvk,  pollution  of 87-i 

Fishing  Creek,  pollution  of ®-< 

Flaugh<>rty  Creek,  pollution  of < 

wutvrfrom,  assay  of i 

Ford  City,  Pa. ,  typhoid  fever  at 5 

Franlclin,  Pa.,  elevation  at 5 

water  from,  assay  of 2 

water  supply  of S 

Freedom.  Pa.,  water  supply  of ' 

French  Cret^k.  fail  of 3 

])ollution  of l^J 

water  from,  assay  of 1 

O. 

Gallaghi'r  CnH>k.  water  from 1 

Galleries,  filt<T.    Sre  Filter  galleries. 

Oallipolis,  Ohio,  filter  wells  at 64,1 

Garrett.  Pa.,  water  from,  assay  of 

water  supply  of 
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ttoley,  W.  Va.,  water  At 97,98 

kttatejr  RlTOF.  pollution  of 96-97 

water  from,  4s9Ay  of 97 

Iraitoti^W  Va.p  water  from,  aasay  of 33 

mitUT  supply  at 32-33 

IlfiihaiD,  Va.,Tat«r  from,  assay  of 94 

wfttpr  supply  of.  93,94 

QnuHl  Ka[Alilji,Hlch.,fUter  gallery  at 57 

typhoid  fever  at 61,57 

fcw^rigr  Rlvpj  pollutioDof 94-95 

water  ffvm.  AMAya  of  95 

liresiAlKirg,  Pa.,  typhoid  fever  at 53 

water  from,  assay  of 52 

water  supply  of 52 

OffCiaTillc,  F». H  typhoid  tevt-r  at 78 

waterfrotn,  assay  of    83 

water  supply  of,  78,83 

©rovrClty  Ps,.  wn tor  from,  assay  of 84 

wat£T  fupplyof,  84 

Qayuidot,  W  Vft.,wiiU»rftt 99,100 

m9itrtfFQfm,A$9&ytft  100 

CHiyiiHlot  111  VPF,  polliitlom  of. 99-100 

water  from,  assay  of 100 


IsyaMUl,  Pa.,  water  from,  assay  of 48 

Bemy,  ni.,  water  at 67 

HIntoa,  W.  Va.,  water  from,  assay  of 95,96 

watfT  supply  of 95-96 

H<tinFitP«d.  f'u . ,  typhoid  flBver  at 53 

wster  supply  of 53 

Ht^hii  RJTiT  poJIucjonof 92 

vtlnrfrom.asasyof        92 

iuitTO,  Pa.,flltftrcr|bat 59-60 

fiJttrcribat,  watf^rfromjAasayaof 59,60 

water  from ,  a4»»y9  oJ         59 

BnDdied,  W  \a .  watt^r  from,  assay  of 88 

wster  supply  of.  87,88 

Bimiiagton,  W.  Va..  wator  from,  assay  of. .      100 

vater  supply  of 100,104 


IQbois  River,  self-purification  In 53,67 

I ''Ij^  Creek,  flow  of 65 

water  of...' 43,49 

water  of,  assay  of 49 

I  '     -  r  L  .  waWrtrom,  assay  of 28 

»4tCT  supply  of  28,29 

lMkB*pollfl.  Ind.p  n I U-r  gull I'JT  at 55 

tfphoid  fever  at  51,55 

IroDsulphate.  coamjlAtion  by     70 

Itliaca,  N.  Y.,  typhoid  fpwr  h t  68 

Iviohoff,  Doctor,  on  germicides 71 


^•BettowD.  N.  Y.,  typhoid  fever  at 14-15 

water  from,  assay  of 15 


water  supply  of 14 

*nBy  City,  N.  J.,  typhoid  fsver  at 10  ' 

Winsonbuiig.  Pa.,  typhoid  fever  at 22 

water  from,  assay  of 24 

water  supply  of 22,24 

Jdmftown,  Pa.,  typhoid  fever  at 28 

water  from,  assay  of 28 

water  supidy  of 27-28 


K.  Page. 

Kampsville,  HI.,  pollution  at 87 

Kanawha  FjilU,  wiitpf  from,  assay  of 98 

water  itipply  ut.  1 97,98 

Kanawha  R  i  vit  bo^ln  of ,  description  of . . . .       93 

basin  of,  pollution  in 93-99,104 

pollution  of 97-98,98-99 

water  from  afti<aysof 98,99 

Kane,  Va..  lypbold  fi-%Tr  at 14 

water  from,  a^say  of 14 

water  supply  of 14 

Kenova,  W.  Va.,  water  from,  assay  of 103 

water  supply  of 103 

Keystone  Junction,  Pa.,  water  from,  assay 

of 47 

Klnxu&rrmk,  pntltttinti  of 14 

Kislciminitas  River,  basin  of,  pollution  in..  27-29 

pollution  of 29 

IvItiiiTuto^  i>ri  |??rmifi<i**fi       71 

K\  ttanntiig,  Pji .  t  y  phold  fever  at 27 

wator  supply  of. 27 

KjiuppCf^'lc  w*U'rof 95 

water  from  Aflaiiy  of 95 

Kntpht.C.ET.  flowdntafrom 66 

Krtch.A    ongi^raildden 71 

Konradi, ,  on  vitality  of  bacteria 76 

L. 

Laurel  Croek,  Pa.,  pollution  of 48 

wjikTfrom  assay  of 48 

Laurel  Creek ,  W  Vs.  water  of 94 

water  o|,  ossiAys  of        94 

Im  WTvmxi ,  Mam,  ,  typhol  d  fever  at 10, 54, 66, 70 

Wiitri-atipplyof.  70 

Little  KanAwha  tUvcf  liasln  of,  pollution  In  91-92 

pollution  of  91 

water  from  aasayB  of 92 

Littleton,  W  V<i . ,  wu t^r  from ,  assay  of 88 

water  supply  of 87,88 

Lorain,  Ohio,  typhoid  fever  at 79-80 

Lowell.  Mjj>s  .  Ill  t-r  if  all  try  lU 54-56 

typhoid  fever  at 51,64,55,67-68 

Lycippus,  Pa.,  water  supply  of 52 

M. 

McDonald.  Pa.,  water  from,  assay  of 76 

water  supply  of 76 

McKocsport.  Pa.,  typhoid  fever  at 51,64 

water  from,  ftBsay  of     50 

water  SI) furiv  nf  60-52,6^64 

McLains  Run.  water  from 23 

Mahoning  Creek,  pollution  of 27 

Mannington,  W.  Va.,  water  from,  assay  of.       39 

water  supply  of 39 

Marietta,  *  Hi i  ■.  i  y  [jiiejid  tf^vt^t  at 91 

water  supply  of 90 

>UrklrUju»  Vtiv  spring  at 48 

wat^r  from,  assay  of 48 

Marllnlton,  W  Vh**  wat^r  from,  assay  of...       95 

water  supply  nf         95 

Mftsonn  W   1"    ftnfliy!t»'9  by 106-107 

McrtdvHl*^^  Pp.,  typhdi^Ueverat 20 

water  from,  assay  of 20 

water  supply  of 19-20 

Mercer,  Pa.,  water  from,  assay  of 83 

water  supply  of 80,83 


112 


INDEX. 


Page. 

Meyeradale,  Pa.,  water  from,  assay  of 47 

wiitor  jtupply  of 47 

ULddle  IsUud  CPPCk.  poUotion  of fiO 

wMtorfrtim.  Afljtay  of  90 

Millvale,  Pa.,  Til  ti?r  crib  at         61-82 

filter  crib  .i t ,  waU^f  from,  baet« rla  in . . .       61 

HUton,  VV   \  ii .  water  from,  assay  of 100 

wttt-nr  supply  c>f      100 

MLOP  dfHiH4gtM'(rocts  of 6»-54,fl&-73,104 

qiftiitlfyfjf  72-73 

Mohawk  Valley,  typhoid  fever  In 54 

Monaca.  Ta    wutpr  supply  o  1 78 

Monessen,  Pa.,  typhoid  fever  at 43-44 

water  supply  of 43 

Konongahda.  Pa,  watf*r  from,  assay  of . . .  44 
wal(^r  Hiipiiily  nf.  43,44,54 

Monongahcla  Ulver,  basin  of,  description  of.      30. 

53-64,65-66 

Iwsln  of,  map  of 30 

pollution  In 31-64 

drainage  of 66 

fall  of 66 

flow  of 65,67 

pollution  of 30,37-44,52-54,66 

profile  of,  plate  showing 30 

9dlf-pt]iific&tLoii  of W 

H.ifpr  ..r  riTi^il v^  «  of 37-39,41,44,52,74 

Montgomery,  W.  Va.,  water  from,  assay  of.  98 
water  supply  of 98 

Montrose,  Pa.,  filter  crib  at 67-50 

filter  crib  at,  water  from,  assay  of 68 

water  from,  assays  of 58 

Moi^antown^  W  Va.,  water  from,  assay  of.  39 
wiiter  supply  of 38-39 

Met rrj ami  Run,  wotcrfrora 15 

MoundsvOli^  W  Vfl.,  water  from,  assay  of.  87 
^»tc    HuppLy  ftt 87, 104 

Mo  unt  JowoU,  Fii-,  typhoid  fever  at 14 

water  from,  assay  of 14 

water  supply  of 14 

Mud  River,  poUutlon  of 99-100 

water  from,  assay  of 100 

N. 

Neshannock  Creek,  pollution  of 80-83 

water  from,  assays  of 80-83 

New  Albany,  Ind..  typhoid  fever  at (w 

New  Bothh'hem.  Pa.,  water  supply  of 26,77 

water  from,  assay  of 26 

Now  I.  ^\    Va.,  wator  supply  at.  86, «7 

New  Haven,  Conn.,  typhoid  fevr-r  at r»8 

Now    Martinsville,    W.    Va.,    water    from, 

a.ss;iy  of 89 

water  supply  of 80 

New  River,  basin  of.  pollution  in 93-9«j 

deseriplion  of 93 

I>ollution  of 95-96, 104 

view  on 94 

H  nil  r  Irylii,  unrHiy  of 9<i 

New  York.  X  Y    typhnid  fever  at 10,54 

New'jL  rli .  \'        t  V  phnl  .1  ff'Vi  T  at 10 

Newcastle,  Pa.,  typhoid  fever  at 82-83 

water  from,  assays  of 82,83 

watt»r  supply  of 8t>-83 

North  Fork,  ^V  Va..  water  irom,  assay  of .  103 
water  supply  of i01-102,103 


O. 


Pigt 


Oakland,  Md.,  water  from,  assay  of ^ 

water  supply  of * 

Ohio  River,  basin  of,  pollution  in 10-10 

description  of 74-75,lCJ-lO 

poUutlon  of T4-"J 

7*u 7*i ^  Kv-tf7  s^  nn  K'-  '*-^^  99-101 , lOJ-M 
water  of,  analyses  of.  74,77,87,89,90,01,93,V 

Oliiopyle,  Pa.,  flow  at ' 

water  at ^ 

water  from,  assay  of 

I  Oil  City,  Pa.,  typhoid  fever  at 

water  from,  assay  of 

'         water  supply  of K 

i  OU  Creek,  pollution  of 16 

water  from,  assay  of 

I  Oloan,  N.  v.,  typhoid  fever  at 

I         water  supply  of 12 

Oxidation,  effects  of 66 


Panther.  W.  Va.,  water  from,  assay  of 

water  supply  of 102, 

■.-,'.  _.. ,,[  and  near 

Panther  Creek,  water  of f .  102,; 

wp  it}>T  from,  Asaay  of I 

Parker.  Va..  pmaptng  station  at,  view  of . . 

water  supply  of 

water  from,  assay  of 

Parkersburg,  W.  Va.,  typhoid  fever  at »■ 

water  from,  assay  of 91, 

water  supply  of 90-91, 

Partes, -,  on  germtoides 

ParBons,  W  \a. ,  water  from,  assays  of — 

water  Ej^upply  of  39, 

PennsborOi  WT  Va,,  water  from,  assay  of.. 

'         water  supply  of ' 

!  lA^riii.  in  .pollulhmat * 

'  I'hilippi,  W.  Va.,  water  supply  at • 

i   Pickens.  W.  Va.,  water  from,  assay  of • 

I         wflter  supply  at • 

I  Plneer^^*^p  ^^'  ^'^*'  water  from,  assay  of...      ^ 

wall' r  supply  of .  8M 

'   PlttsibtjTg.  Pfl,  filter  cribs  at M.J 

filtration  plant  at 73-< 

views  of * 

typhoid  fever  at 51,63,^ 

water  from,  assays  of ^ 

water  supply  at 51,54,TJ-^ 

Investifrntloa  of lO-H*  * 

Plymouth  Pfl.  typhoid  fever  at 

Pocahontas,  Va..  water  from,  assay  of ^ 

water  supply  of 93^ 

'  roiiit  Marlon,  Pa-,  typhoid  fever  at 

I         water  from.  ft*say  of      

water  supply  of  

.   Point  I  I  .^.^^^J^1    W  V a,,  fitter  wells  at 98»^ 

'  water  from,  assay  of 

water  supply  of .  .^ 9^' 

I   PortAlli^aay   Va    elevation  at 

WiJter  from,  assay  of 

I         wflter :  lUpply  of  

Potato  Creek,  water  of 

Powers  Run.  pollution  of 

I  Profiles  of  rivers,  plate  showing 
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Pnnxsatawney ,  Pa. ,  typhoid  lever  at 27 

water  from,  assay  of 27 

water  (tupply  of 27 

Pariflcation.    See  Self-porification. 
R. 

Raccoon  Creek,  pollution  of 7fi 

Redbanlc  Creek,  Pa.,  pollution  of 25-26 

water  from,  assay  of 26 

Reyooldsvilie,  Pa. ,  typhoid  lever  ai 25 

water  from,  assay  of 26 

water  supply  of 25, 26 

view  of 24 

Richwood,  W.  Va.,  water  from,  assay  of 97 

water  supply  of 97 

Rkleal.  S.  S.,  on  germicides 71, 72 

Ridgway,  Pa.,  typhoid  fever  at 23 

water  from,  assay  of 24 

water  supply  of 22-23, 24 

Rivers,  profiles  of,  plate  showing 30 

Rockwood,  Pa.,  water  at 48 

water  from,  assays  of 48 

Ronceverte,  W .  Va. ,  water  from ,  assay  of . . .        95 

water  supply  of 95 

Rowlesbiirg,  W.  Va.,  water  from,  assay  of . .        40 

water  supply  at 40 

S. 

St.  Albans. W.  Va..  water  from,  assay  of 99 

I  water  supply  of 99 

8t.  Louis.  Mo.,  coagulation  at 60-70 

I       St.  Marys,  Pa.,  water  from,  assay  of 24 

!  water  supply  of 22, 24 

I      St  Marys,  W.  Va.,  water  from,  assay  of 89 

water  supply  of 89 

Salamanca.  N.  Y.,  typhoid  fever  at 13-14 

water  supply  of 13 

Salem,  W.  Va.,  water  from,  assay  of 37 

water  supply  of .36, 37 

Swdy  Creek,  pollution  of 25 

Sedgwick,  W.  T.,  on  river  pollution  . .  5»,  ft."!,  66, 68 

Sedimentation,  conditions  favorable  to 54, 6(t 

effects  of 6(i-68 

See  aUo  Coagulation. 

Setf-puriflcatlon ,  discussion  of 65-73 

theory  of 51 

Sewickley,  Pa.,  typhoid  fever  at 77 

water  from,  assay  of 77 

water  supply  of 76-77 

Sharon.  Pa.,  typhoid  fever  at 80 

water  from,  assay  of 83 

water  supply  of 78-80, 8.i 

Sharpsburg,  Pa.,  filter  crib  at 60 

filter  crib  at,  water  from ,  as.say  of 60 

typhoid  fever  at 63 

Sharers  Fork,  water  from,  assay  of 40 

water  of 39, 40 

Shentngo  Itiver,  pollution  of 78-80 

water  from,  assay  of 83 

Shimiston,  W.  Va.,  water  from,  assay  of 37 

water  supply  of 3r 

Skinners  Run,  water  from 12 

Smethport,  Pa.,  water  from,  assay  of 12 

water  supply  of 12 

Sfflithfleld,  W .  \'a.,  water  from,  as^ay  of 89 

IRB  161—06 8 
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S.nithfleld,  W.  Va.,  water  supply  of 88,89 

j  Snodgrass,  Doctor,  on  St.  I.ouis   coagula- 

;  lion 69 

'  Somerfield.  Pa.,  water  from,  assay  of 66 

water  supply  of 46 

Springs,  water  supply  from 10 

Sternberg, ,  on  germicides 71 

Stutxer, ,  on  germicides 71 

Sulphuric  acid.  elTccts  of 71-73 

Sutton,  W.  Va.,  water  from,  assay  of 99 

water  supply  of 98,99 

T. 

Talcott,  W.  Va.,  water  supply  of 95 

Tarentum.  Pa.,  filter  crib  at 57 

water  from,  assay  of 57 

typhoid  fever  at 57 

Tcnmile  Creek,  water  from 41 

water  from,  assay  of 41 

Terra  Alta.W. Va.,  water  from,  assay  of 45 

water  supply  of 45-46 

Thurmond,  W.  Va..  water  from,  assay  of 96 

water  supply  of 96 

Thurmond  Creek,  pollution  of 96 

,          water  from,  assay  of 96 

Tidioute,  Pa.,  water  from,  assay  of 18 

water  supply  of 16, 18 

Tionesta,  Pa.,  water  from,  assay  of 18 

water  supply  of 16, 18 

I   Titusville,  Pa.,  typhoid  fovcr  at 17 

!          water  from,  assay  of 18 

water  supply  of 16  18 

I  Toby  Creek,  pollution  of 23, 24 

water  from .  assay  of 24 

Toms  Run,  pollution  of 24 

Tug  Fork  of  Big  Sandy  River,  description  of  101 

pollution  of 101-103 

intake  on.  views  of  and  near 102 

water  from,  assay  of 103 

Tunnelton,  W.  Va.,  water  from,  assay  of  . . .  41 

water  .supply  of 30-40, 41 

Twelvepole  Creek,  pollution  of lOl 

water  from .  assay  of 101 

Two  I.ick  Creek,  pollution  of 29 

Tygart  Junction,  water  from,  assay  of 31,33 

water  supply  at '. 31,.^ 

view  of 26 

1   Tygart  River,  basin  of,  pollution  i.i 30-33 

flow  of ^T) 

pollution  of .30  3I..32-,33 

view  of 26 

water  from,  assay  of 33 

'   Typhoid  fever,  perms  of.  vitality  of  ..  51,72-73,74 

spread  of 67-68 

Rtati.itks  of 9-10 

See  also  particular  p'aces. 

1  V. 

I'neva.  W,  \'a.,  flow  at 42 

In  ion  City.  Pa.,  typhoid  fever  at 19 

water  from,  assay  of 19 

water  supply  of 18-19 

'   fniontown,  Pa.,  water  .•supply  of 42-13.44 

,    Ursina,  Pa.,  water  from,  a.ssay  of 48 
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V. 

Van(lorfn"ifl.  Pa.,  typhoi*!  fever  at 29 

water  supply  of 29 

Verona,  I'a..  water  from,  assiiy  of 60 

water  supply  of 55-60 

W. 

\Valluc<»,  W .  Va.,  water  from,  assay  of 37 

water  8upply  of 36-37 

Warren.  Ph..  typhoid  fever  at 16 

water  from,  aswiy  of 1.5 

wat^r  supply  of 1,'»-16 

Washiiij^ton,  Pa.,  typlioM  fever  at ."il.TO 

water  from,  assay  of 76 

water  supply  of 7!>  76 

Wayne.  W .  Va. .  water  from ,  as.Hay  of 101 

water  supply  of 101 

Waynesburg.  Pa.,  typhoid  fever  at 41 

water  from,  assay  of 41 

water  supply  of 41 

iVeleh,  W.  Va..  water  from .  assay  of 103 

water  supply  of 102, 103 

Wells,  niter.    See  Filter  wells. 

Wellsburp.  W.  Va..  water  from,  assay  of S7 

water  supply  of 86. 87 

West  Fork  Kiver,  How  of es 

pollution  of SJ  37 

water  fr«>m.  assays  of 31.3.'), 36, 37 

West  .Newton.  Pa.,  typhoid  fever  at 50 

water  from,  aswiy  of 50 

water  supply  of 'iO,nii 

West  I- nion,  W.  Va.,  water  from,  assay  of. .       00 


I  West  TTnioo,  W .  Va.,  water  supply  of 'J 

I  West  Vir^nia,  stream  pollution  in -^^i^ 

Weston,  W .  Va. ,  water  from .  assay  of i 

water  supply  of 344 

Wheeling,  W .  Va. ,  typhoid  fever  at S 

water  from,  assays  of ^ 

water  supply  of »-* 

Whetstone  Creek,  water  from i 

Wildwood,  Pa.,  filter  crib  at fi2-f 

filter  crib  at,  water  from ,  assay  of ( 


water  from,  assay  of. 


Williamson,  W.  Va..  water  from,  assay  of . .    li 

water  supply  of 102. 1< 

Williamstown,  W.  Va. ,  water  from .  as^ay  cl     ' 

water  supply  of 

Windsor,  typhoid  fever  at 

Witherell,  F.  E.,  analyses  by 

on  analyses  at  Newcastle 82- 

Wobum.  Mass..  filter  gallery  at 

typhoid  fever  at 

Wolf  Creek,  water  from 

V. 

Yonkers,  N. Y.,  typhoid  fever  at 

Youghiogheny  River,  basin  of,  pollution  In.  44 

flow  of 4S 

pollution  of 45-10, 48-5'i 

profile  of,  plate  showing 

self-purification  of 53-54,  r. 

water  from,  assay  of 4( 

Youngwood,  Pa^  water  supply  of 
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[Water-supply  Paper  No.  161.] 

The  serial  publications  of  the  United  States  Geological  Survey  consist  of  (1) 
Annual  Reports;  (2)  Monographs;  (3)  Profesi«ional  Papers;  (4)  Bulletins;  (5) 
Mineral  Resources;  (6)  Water-Supply  and  Irrigation  Paj^ers;  (7)  Topographic  Atlas 
of  United  States — folios  and  separate  sheets  thereof;  (8)  Geologic  Atlas  of  United 
8tate»— folios  thereof.  The  classes  numl^eretl  2,  7,  and  8  are  sold  at  cost  of  publica- 
tion; the  others  are  distributed  free.  A  circular  giving  complete  lists  may  be  had 
on  application. 

Mort  of  the  above  publications  may  be  obtained  or  consulted  in  the  following  ways: 

1.  A  limiteii  numl)er  are  delivered  to  the  Diret.'tor  of  the  Survey,  from  whom  they 
may  be  obtained,  free  of  charge  (excei>t  classes  2,  7,  and  8),  on  application. 

2.  A  certain  number  are  <lelivered  to  Senators  and  Representatives  in  Congress, 
for  distribution. 

3.  Other  copies  are  deposited  with  the  Sniwrintendent  of  Documents,  Washington, 
DC,  from  whom  they  may  be  had  at  practically  cost. 

4.  Copies  of  all  Government  publications  are  furnishe<l  to  the  principal  public 
lihrariea  in  the  large  cities  throughout  the  United  States,  where  they  may  be 
consulted  by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
«bjectfl,  and  the  total  number  issue<l  is  large.  They  have  therefore  l)een  classified 
into  the  following  series:  A,  pAM^nomic  geology;  H,  Descrii)tive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
phyeics;   F,  Geography;   G,  Miscellaneous;    H,   Forej*try;   1,  Irrigation;   J,  W^afer 

storage;  K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investi- 

jpations;  N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports. 

This  paper  is  the  thirteenth  in  Series  L,  the  comi)lete  lis^t  of  which  follows  (PP= 

Professional  Paper,  B=Bulletin,  WS= Water-Supply  Paper): 

Series  L.  Quality  op  Watbr. 

ITS 3.  Sewage  Irrigation,  by  O.  W.  Rafter.    1897.    100  pp.,  4  pis.    (Out  of  stock.) 

WS  22.  Sewage  irrigation,  Pt.  II,  by  G.  W.  Rafter.    1899.    100  pp..  7  pis.    (Out  of  stock.) 

WS  72.  Sewage  pollution  near  New  York  City,  by  M.  O.  Leightoii.    l90'->.    75  pp..  H  pis. 

WS  76.  Flow  of  riTers  near  New  York  City,  by  H.  A.  Pressoy.    1903.    los  pp..  i;}  pis. 
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DESTRUCTIVE  FLOODS  IN  THE  UNITED  STATES  IN 

1905. 


By  E.  C.  Murphy  and  others. 


INTRODUCTION. 

There  were  few  very  destructive  floods  in  1905.  The  most  remarkable  flood  or  series  of 
floods  of  the  year  were  those  in  the  Gila  River  basin  in  Arizona.  From  January  15  to 
April  30  occurred  a  series  of  seven'  floods — almost  a  continuous  flood — remarkable  for  the 
total  volume  of  flow.  In  November  there  was  in  this  basin  another  flood,  which  was  remark- 
blc  for  its  magnitude,  being  the  largest  on  record  on  Salt  River.  The  other  large  floods  of 
the  year  occurred  on  comparatively  small  streams.  Few  lives  were  lost  and  the  damage 
was  small  compared  with  that  of  some  previous  years. 

In  addition  to  the  credits  for  data  given  in  the  body  of  this  paper  the  writer  desires  to 
acknoMrledge  his  indebtedness  to  F.  H.  Newell,  chief  hydrographer,  for  valuable  suggestions; 
and  to  James  Dun,  chief  engineer  Santa  Fe  Railway  System,  who  has  furnished  data  and 
transportation  over  the  Santa  Fe  lines  to  flooded  sections. 

FLOOD  ON  PEQUONNOCK  RIVER,  CONNECTICUT. 

By  T.  W.  NoRCROSs. 

INTRODUCTION. 

A  flood  on  this  stream  on  July  29  and  30,  popularly  known  as  the  Bridgeport  flood, 
destroyed  a  quarter  of  a  million  dollars'  worth  of  property.  It  was  due  primarily  to  a  very 
heavy  local  rainstorm,  during  which  11.32  inches  of  rain  fell  in  seventeen  hours  at  Bridge- 
port, Gonn.,  where  it  was  heaviest.  The  flood  wave  was  enlarged  by  the  failure  of  four 
dams  in  the  watershed. 

The  Pequonnock  is  a  small  stream  that  rises  in  the  northeastern  part  of  Fairfield  County, 
Conn.,  flows  south  about  14  miles,  and  empties  into  Long  Island  Sound  at  Bridgeport.  Its 
fall  from -source  to  mouth  is  460  feet.  Its  channel  is  rather  narrow,  with  numerous  bends, 
and  its  banks  are  low  and  flat.  Its  drainage  basin  is  mainly  hilly  pasture  land,  with  little 
timber,  and  has  an  area  of  25  square  miles. 

PRKCIPITATION. 

The  following  table,  prepared  from  records  of  the  United  States  Weather  Bureau  at 
Bridgeport,  shows  the  precipitation  during  this  storm: 

Table  showing  rate  of  rainfall  at  Bridgeport,  Conn.,  July  29-SO,  1905. 


Time  of  beginning. 


July  29— 11.40  a.  m. 
1.30  p.  m. 


Time  of    I     Time 
end.       j  elapsed. 


1.30  p.  111.  I 
4.15  p.  m.  • 


4.15  p.  m j    7.50  p.  m. 

7.50  p.  m I  12.00 

Jaljr  30— 3i)0  a.  m 5.20  a.m. 

July  29— 1 1.40  a.  ni 12.00  p  m. 

July  29-30— 1 1.40  a.  i:i '    5.20  a.  m. 


k.m. 
1.50 
2.45 
3.35 
4.10 
2.20 
12.20 
17.40 


Precipi- 
tation. 


0.10 
5.90 
4.18 
0.77 
0  37 
10  95 
11.32 


Average 

rate  per 

hour. 


0  06 
2.15 
1.17 
a  18 
0.16 
0.89 
0.64 
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Tlie  following  table  givc^  the  precipitation  at  several  neighboring  rainfall  stations  from 
July  23  to  31,  inclusive: 

Precipiialion  at  stations  near  Bridgeport^  Conn.y  July  23-31,  1905. 


Station. 

July- 

1 
.           0.07  i 

24.      1 

0.53  \. 
0.S3  I 
0.77    . 
0.37  '. 
1.03  '. 
Tr.     1 
0.  S3    . 
0.39    . 
o.ai  !. 
o.r.2  . 

0.48  '. 

•23. 
Tr. 

26. 
Tr. 

27. 


28. 

29.      1 

r 

a86| 

0.04  1 
0.16 

a90 

1.43 

30.     1  31. 

Crvam  Hillo 

2.39     a23 

Hartford 

....       0.02  1 
....       0.05 
0.43 

0.72     Tr. 

Ilawlovvillo 

! 

2.'w  j   a35 

N<*w'  Haven         . .  . 

Tr. 

0.41      0.01 

Norwalk 

....'    o.a')  j 

....'      0.02 
....'      0.0(» 



0.31     act 

Torrington 

Waterbury 

1.16 


Tr. 

a97    a40 

Tr. 

1.77  1 
9.86 

ia95 
7.91 

'8.00 

ao4 

Beaver  Dam  &. 

....,      0.31  1 
0.39  1 

0.61    

B  ri(ig(*port 



ass  

Kaston 

i 
1 1 

1      0.  3(i  1 



0.18  ' 

Bunnell  Pond 

C2.00  1 

a  The  first  six  sUitions  arc  United  States  Weather  BurMiu  stations.  Data  furnished  by  WlIliaiB 
Jennings,  United  States  Weather  Bureau  observer. 

b  The  hist  four  stations  an>  stations  of  the  Bridgeport  Hydraulic  Company.  Data  fumiabed  by  S.  P. 
Senior,  superintendent  Bridgeport  Hydraulic  Company. 

<•  Approximate. 

The  table  shows  that  the  storm  was  very  intense  over  a  comparatively  small  area,  tbe 
greatest  rainfall  occurring  in  the  Pe(|uonnock:  Valley  in  the  vicinity  of  Bridgeport. 

DISCHARGE. 

The  nm-ofT  from  a  rainfall  of  8  to  11  inches  in  seventeen  hours  on  this  quick-spilling  basin 
soon  overtaxed  the  natural  capacity  of  this  rather  small,  crooked  channel  and  overflow 
occurred,  carrying  debris  that  more  or  less  reduced  the  channel  capacity,  especially  the  spill- 
ways of  dams.  Four  dams  failed,  each  one  increasing  the  magnitude  of  the  flood  wave  and 
adding  dtihris  to  the  already  choked  spillway  of  the  dams  Inflow. 

The  rate  of  flow  at  Bunnell's  dam,  about  1^  miles  above  Bridgeport,  at  the  time  of  its  fail- 
ure was  computed  to  be  \^,9l',M)  second-feet,  or  lo?  second-feet  per  square  mile.  The  length 
of  the  spillway  was  52  feet,  and  the  depth  of  water  on  the  crest  at  the  time  of  failure  was  7.48 
feet.     Two  smaller  waste  openinj?^  discharged  105  second-feet  each. 

This  is  a  comparatively  small  run-off  from  such  a  large  rainfall,  and  it  is  very  likely  that 
the  ma.ximum  rate  of  flow  txcurrcd  after  the  dam  failed.  By  computing  the  ru.j-ofT  from 
rainfall  and  using  a  run-off  factor  oi  0.5,  the  maximum  rate  of  flow  at  this  dam  is  found  to  be 
24S  second-f(H't  jxt  sijuarc  mile.  If  O.f)  is  used  its  the  run-off  factor  the  maximum  rate  is 
297  second-feet  j)cr  square  mile. 

1>.VMAGK  DONE. 

The  Toucey  dam,  on  a  brook  entering  the  Pequonnock  from  the  west  near  Long  Hill,  gave 
way  shortly  befon»  midnight  of  the  29th.  It  was  KK)  feet  long,  10  feet  high,  built  of  nibble 
m^Lsonry  laid  in  cement.  Ward's  milldam  at  Trumbull,  on  the  Pequonnock,  failed  when 
the  flood  wave  from  Toucey  dam  struck  it.  It  was  (iO  feet  long,  gave  a  head  of  15  feet, 
and  was  built  of  rubble  masonry  laid  in  cement  mortar.  It  was  founded  on  a  ledge  and 
probably  failed  by  sliding.  At  about  1  a.  m.  July  30,  the  dam  at  Bunnell  Pond,  IJ  miU^s 
above  Bridgeport,  failed.  It  was  800  feet  long,  28  feet  high,  built  of  earth  with  a  masonry 
spillway.  It  had  a  puddle  core,  a  top  width  of  30  feet,  upper  slopi»  1.5  to  1,  lower  slope  1  to 
1.  In  addition  to  a  spillway  52  feet  long,  there  were  two  openings  3  fe^t  lOi  inches  by  1 
foot  8^  inches  and  a  circular  opening  4  feet  in  diamet<»r.  Failure  resulted  from  overflow, 
due  in  pail  to  the  blocking  of  .spillway  by  debris.  The  fourth  dam  to  fail  was  the  Berkshire 
milldam.  This  was  a  masonry  tidewater  dam  140  feet  long  and  7  feet  high.  Its  failure 
was  probably  due  to  undermining. 
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ral  Imcigrs  were  damaged,  traffic  was  impeded,  and  ships  at  the  mouth  of  the  river 
amaged.  Fortunately  the  tide  was  at  cbh  stage  when  the  flood  wave  reached  the 
of  the  river,  otherwise  the  damage  to  shipping  would  have  been  greater. 

30D   ON  SIXMILE  CREEK  AND  CAYUGA  INLET,  NEW  YORK. 

iNTRor>rcn^ioxr 

Tune  21 ,  1905,  occurred  the  largest  and  most  destructive  flood  on  Sixmile  Creek  and 
&  Inlet  in  the  recollection  of  the  oldest  inhabitant  of  Ithaca,  N.  Y.  'Up  to  that  time 


FiQ.  1.— Drainage  basin  of  Sixmile  Creek  and  Cajruga  Inlet,  New  York. 

ood  of  1857  had  been  regarded  as  the  largest  on  this  stream,  but  the  depth  of  overflow 
ig  the  flood  of  June  21,  1905,  wiu^  at  Ivtist  I  foot  great^T  than  durmg,  W\e  ^oo^  q\  V^^  , 
jwn  by  well  Autbenticat4^d  flood  njrtr'cs.     The  flood  of  1905  was  due  Ui  %.  dow^-XixrreX., 
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wliich  fortunately  did  not  rover  a  very  liirge  aroa.  Had  a  storm  of  the  intensity  of  thisoop 
covered  the  wliole  drainage  area  of  tlu^e  two  streams  the  damage  done  at  Ithaca  and  vicin- 
ity would  have  In'cn  very  large. 

The  city  of  Ithaca  is  so  situated  that  the  effect  of  a  storm  in  the  drainage  basin  Is  almort 
the  grertt(»st  possihle.  It  is  hnnt^'d  on  a  low,  flat  area,  with  st<»ep  hills  on  three  sides.  Tbe 
drainage  area  is  characteriztHl  by  jjleep  slopt»s  and  nearly  impervious  soil,  and  is  shaped 
somewhat  like  a  fan,  so  that  the  three  principal  streams  unite  at  al)OUt  the  same  place  in  the 
city.  Thus  a  very  large  volume  of  water,  compan'd  with  the  sis^  of  the  drainage  basin,  is 
brought  into  the  city  very  rapidly.  The  banks  are  ertxled  where  the  velocity  of  the  water 
is  high,  the  protection  is  p(M)r,  and  gravel  and  small  bowlders  are  deposited  in  a  short  time 
in  other  places  where  the  veUx'ity  is  low. 

P'all  (Veek,  Cayuga  Inlet,  Sixmile  CrtH'k,  and  Cascadilla  Creek  drain  the  area  at  the  south- 
ern end  of  Cayuga  Lake.  Sixmile  and  Cascadilla  creeks  are  really  tributaries  of  Cayuga 
Inlet  near  its  mouth  (.see  lig.  \).  Fall  Creek,  the  largest  of  these  four,  drains  an  area  of 
about  1 17  .s(juare  miles.  In  aUnit  22  mil(»s  it  falls  from  an  elevation  of  1,306  feet  at  Lake 
Como  to  :iSl  feet  at  its  mouth.  The  uppiT  half  of  this  l»asin  is  hilly,  cultivated  land;  the 
lower  half  is  mon*  bn)ken,  with  steep,  pjistun^d  slopes.  Cayuga  Inlet  drains  an  area  of 
about  ^K^  stpiare  nules.  southwest  of  Ithaca.  The  watershed  is  rough,  with  steep  pastured 
slope's,  and  some  of  the  smaller  tributaries  extend  to  an  elevation  of  about  1,900  feet  above 
the  sea  level.  Sixmile  Ciivk  drains  an  ari^a  of  alK>ut  46  square  miles  lying  directly  east  of 
Cayuga  Inlet .  Ca.scadilla  Cnvk  drains  an  an»a  of  alM)ut  16  square  miles  lv*ing  east  of  Sixmile 
Cnvk  Imsin.  Roth  of  the.se  basins  have  extremely  steep  slopes  and  their  beds  fall  very 
rapidly  until  they  ivacli  the  city  limits. 

KUhxIs  tif  con.sidenible  magnitude  fre<|uently  occur  on  these  streams.  They  are  usually 
due  to  large  niitifull  over  only  a  |H>ition  of  one  or  another  of  the  w*atersheds,  and  conse- 
quently all  »>f  the  streams  arv  not  in  desinictive  flmnl  at  the  .same  time. 

PUKVIors  FMM>1>S. 

FliHHior'Jn:,  !7.  .'.v.'.r  ^^•i^  The  thnid  of  1S.T7  wa^  due  to  a  heavy  rainfall  over  acorn- 
paraiiNclN  Niimll  aivrt.  mainly  on  tlic  watci^he*l  of  Sixmile  Creek.  Almost  no  damage  was 
dtMie  on  Kali  Crck  and  i  omparalivcly  linlc  on  Cayuga  Inlet. 

ThiMv  wric  :\\i»  ilanw  on  Si\niilc  Crock  ai  this  time  and  Unh  were  destroyed.  The  fallen 
timlvrs  of  iIum-  vtrii.  iu:v<  fo'uicil  a  icniiK»:n:y  dam  in  front  of  the  stone  areh  bridge  on 
.\uroia  si!,«,t.  a:ul  ilr.^  olM:uvii.»n  cans<'il  the  water  to  overflow  its  l)anks  and  run  dowri 
Stale  Muvi  a:'.vi  o:!ic:  <t!-,Ht^  panillc'.  to  it.  ll.KHiing  a  jmrt  of  the  city  which  was  not  flooded 
dutinc  [\w  iK^vl  of  l^iir,  ThK  <to:ic  arv  h  i^ndp'  and  other  bridges  on  Sixmile  Creek  weff 
dov;  :,n  cd  I^n  { l.v  :l.v»a  Mark-  '.eft  ;\\  !  hi<  iKvhI  near  Stale  strtvt  show  that  at  this  place  the 
tUsvl  of  ^l^»^  Nxa.  :»is.:.   \\  in,  h,..  h^M^i  than  :ha:  .»f  Is^T. 

*•■■'■    '•'*.=      !,•.:.'  Ti::^  t'l.v  si  of  \\Mn.  whi*h  is  one  of  the  three  large  floods 

i.\a:  .>.a\»  o. .  -i-.-vNt  ov.  <:\::'.  \-  C;c,  k.  :.s^k  ^'a  ,■  »»::  tlie  -ighi  of  rWembor  14  and  the  mom- 
'.v.;;  o!  1\\\  :v.  V  ;  1..  jix  :'u>  :,x-,.":  ,.f  ;-.,a\  \  :a-.-.;  o\e:-  a  oonsidenble  portion  of  central  Xe*' 
\v»  n:;:-  ro  ;:....  !\  .  •  .x  n ,.,.. ...  H  .  ^  ;  .^  ,;  S: a: OS  Weather  Bureau  gage  at  Ithaf*- 
VvSv^-vi.v".  .;..>•»  .:•.;•..■.,.;  v,:-. '.■■o:-.  N:i  v.-.  .:.  l\  .  o;v.-vr  14  to  S  a.  m.  OD  December  15.  Al 
..'.«•  >i:o;,v.^  o"-:.v.v.i:  I'..'  >.v.-. :  -v.  ; -v:  o:  iV,\  .!;::■   Ix»ko  wort^  in  destructive  flood.    Th< 

v  V  N  :=:  \  :.'  \. -ta  ,<;»::-.  atHHit  2  miles  above  Ithaca,  wa 
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by  very  heavy  local  rain.    The  rainfall  at  six  places  in  or  near  the  drainage  basins  of  Sixmile 

and Caacadilla  creeks  from  8  a.  m.  on  the  20th  to  8  a.  m.  on  the  21st  was  as  follows:  Ithaca, 

\Xt;  Ehnira,  1.05;  Binghamton,  1.00;  Cortland,  1.38;   Waverly,  0.53;  Perry  City,  1.26, 

•nd  Kings  Ferry,  1.73.    The  hourly  rainfall  at  Ithaca  from  4  a.  m.  to  4  p.  m.  on  the  21st 

Tiried  from  0.03  inch  to  0.58  inch.    These  figures  show  only  the  local  character  of  the  storm. 

The  rainfall  indicated  by  them  would  not  cause  even  a  small  flood  on  these  streams.    The 

I     ntenaty  of  the  storm  can  be  judged  only  by  the  maximum  rate  of  flow  and  the  damage  done 

;     w  Mch  of  the  streams.    This  damage  indicates  that  an  exceedingly  heavy  rain  fell  on  two 

eomparatively  small  areas — on  Sixmile  Creek,  in  the  vicinity  of  Brookton  and  Slaterville, 

ind  on  Cayuga  Inlet,  in  the  vicinity  of  Stratton  (see  fig.  1). 

FLOOD  ON   SIXMILE   CBEBK. 

Tlie  heaviest  rainfall  occurred  in  the  upper  part  of  the  watershed  in  the  vicinity  of  Slater- 
ville And  Brookton.  Several  bridges  here  were  destroyed  and  the  banks  of  the  streams  were 
btdlj  eroded.  In  some  places  a  new  channel  was  formed  and  the  old  channels  were  closed 
with  bowlders  and  gravel.  Some  of  the  bottom  land  along  the  creek  was  badly  damaged  by 
the  deposit  of  gravel  upon  it. 

llie  maximum  rate  of  flow  is  computed  from  measurements  of  cross  section  and  slope 
between  Aurora  Street  Bridge  and  Tioga  Street  Bridge.  The  channel  here  is  approximately 
rectangular.  From  these  data  and  a  value  of  the  coefficient  of  roughness  "n"  of  0.030,  it 
IB  found  that  the  mean  velocity  equals  15.8,  and  that  the  maximum  rate  of  discharge  was 
8,980  second-feet,  or  195.2  second-feet  per  square  mile  of  drainage  area. 

Tlie  maximum  rate  of  flow  was  also  computed  at  the  Sixmile  Creek  dam,  4  miles  upstream 
from  Ithaca,  from  the  head  on  the  dam,  length  of  crest,  and  length  of  abutments.  The  dis- 
diarge  at  this  place  was  found  to  be  8,500  second-feet,  which  agrees  closely  with  the  com- 
puted flow  after  taking  into  account  the  difference  of  drainage  area  at  the  two  places. 

FLOOD  ON   CAYCOA   INLET. 

The  flood  on  this  creek  began  at  about  10  a.  m.  and  lasted  for  about  five  hours.  Mr.  G.  II. 
ulJson,  county  commissioner,  who  lives  on  this  stream  and  w^ho  has  Ijeen  over  the  greater 
pwt  of  the  flooded  area,  states  that  the  storm  covered  an  area  approximately  circular  in 
Atpe,  the  radius  of  the  circle  being  about  3  miles.  The  storm  was  central  over  the  small 
*ream  southwest  of  Stratton.  Judged  from  the  erosion  of  its  channel  the  flood  in  this  creek 
^exceedingly  large.  The  highway  and  railroad  bridges  near  the  mouth  of  this  stream 
^ere  located  at  a  bend  in  the  stream,  the  width  between  abutments  of  the  bridges  being 
ibout  25  feet.  A  new  channel,  between  80  and  90  feet  wide  and  3  feet  deep,  was  cut  around 
^lj«8e  badges,  the  old  channel  being  filled  with  bowlders  and  gravel.  The  area  of  the  wator- 
"M  of  this  tributary  is  about  2.6  square  miles.  The  extent  of  the  erosion  indicates  that  the 
fwrfall  on  this  basin  must  have  been  very  great.  The  main  stream  also  cut  a  channel 
»K)und  the  bridge  near  the  mouth  of  this  gulch.  The  highway  bridge,  located  about  a  half 
nule  below  the  mouth  of  the  gulch,  was  washed  away,  and  the  right  bank  of  the  stream  was 
^WJded  for  a  distance  of  50  feet  back  from  the  abutment. 

AREA   OVERFIX)WED. 

The  stream  began  to  overflow  State  street,  Ithaca,  about  3  p.  m.,  reached  its  maximum 
*>^  alx)ut  5  p.  m.,  and  subsided  below  the  street  level  about  I  a.  m.  of  Juno  22.  This  over- 
flow extended  from  a  point  about  1,200  feet  east  of  the  creek  to  a  point  1,100  feet  west  of  it, 
°»d  a  maximum  depth  of  3  feet,  and  a  cross-section  area  of  4,120  square  feet.  The  high- 
»«terline  at  this  bridge  was  8.9  feet  al>ovo  lake  level  on  August  1 ,  and  about  9.5  feet  above 
Whj  level  just  prior  to  the  flood.     The  boundary  of  the  area  overflowed  during  this  flood  is 
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shown  on  fig.  2.  This  area  is  probably  somewhat  less  than  that  overflowed  during  the  i 
of  1901 ,  for  Fall  Creek  was  not  in  flood  and  thero  was  little  overflow  from  CascadUla  O 
But  in  some  sections  of  the  city  the  overflow  reached  places  it  had  never  reached  before- 
least  not  in  thirty  years. 

DAMAGE. 

The  Lehigh  Valley  Railroad,  which  runs  along  Cayriga  Inlet  for  several  miles,  was  di 
aged  to  such  an  extent  that  trains  could  not  pass  over  this  part  of  the  line  for  about  a  we 
The  first  estimate  of  the  damage  done  by  this  flood  along  this  railroad  between  Ithaca  i 
Say  re  was  $65,000.  A  later  estimate,  however,  placed  it  at  $100,000.  The  estimated  c 
of  replacing  bridges,  protecting  them  from  floods,  and  repairing  the  damage  to  roads  in 
town  of  Newfield  was  $8,000. 

The  dam  at  the  Van  Netta  mill  was  swept  away  by  the  flood,  leaving  the  city  pump 
station  on  Sixmile  Creek  without  water  for  the  city's  supply,  and  without  water  powK 
work  some  of  the  pumps.    The  highway  bridge  over  this  dam  was  also  destroyed. 

The  new  30-foot  dam  about  4  miles  above  Ithaca,  on  this  stream,  was  uninjured;  but 
dam  a  few  hundred  feet  l)elow  it,  forming  a  water  cushion  for  the  water  flowing  over 
30-foot  dam,  was  destroyed.  The  pipe  line  extending  from  the  dam  down  the  creek 
considerably  damaged  by  the  washing  out  of  the  concrete  supports. 

The  bridge  at  Clinton  street  was  washed  away;  also  the  right  abutment  and  the  banl 
a  distance  of  about  55  feet  back  from  the  abutment  (see  flg.  3).  The  flood  of  1901  ero 
to  a  large  extent,  the  right  bank  of  this  stream  from  this  bridge  up  to  a  point  about  300 
above  the  electric  railway  car  bam.  After  the  flood  this  bank  was  protected  along  a  pa 
this  distance  by  a  concrete  wall,  along  another  part  by  piling  and  planks,  and  along  a  t 
part  by  piling  and  concrete.  The  concrete  part  was  not  injured  by  the  flood  of  1905  a 
the  port  ion  protected  by  piling,  but  the  piles  were  washed  away  or  badly  damaged,  anc 
part  protected  by  piles  and  concrete  was  damaged  to  some  extent.  The  water  found  its 
back  of  the  piling  and  eroded  the  bank  in  some  places  back  to  a  distance  of  55  feet.  F 
shows  a  cross  section  of  the  channel  at  Clinton  Street  Bridge,  taken  August  1,  1905. 
shaded  area  was  washed  away  by  the  flood.  The  old  channel  is  now  filled  with  gravel 
depth  of  2  to  3  feet. 

Meadow  Street  Bridge  vrtis  carried  900  feet  downstream  and  left  with  a  large  mas 
lumber  in  front  of  the  I>*high  Valley  Railway  bridge.  About  a  month  after  the  flood 
bridj^e  wa.s  taken  apart  and  replaced  in  it^ii  former  l<K'ation. 

State  Stn>et  Bridge  was  damaged  to  some  extent  and  was  closed  to  heavy  traffic  for  al 
a  month.  A  mass  of  drift  collected  in  front  of  the  bridge  and  prevented  the  water  1 
passing  freely  through  the  natural  channel. 

SUGGESTED   MEANS   OF  PREVENTING   OR   LESSENING   OVERFLOW. 

Overflow  of  the  lowland  in  the  vicinity  of  Ithaca  results  from  two  causes — (1)  baclnx 
from  the  lake,  (2)  overflow  of  one  or  more  of  the  four  creeks  before  mentioned.  The  el 
tion  of  tlie  normal  level  of  Cayuga  Lake  is  381  feet  above  sea.  Its  surface  elevation  fli 
ates  from  about  5  feet  above  normal-to  1 }  feet  below  normal. 

A  considerable  area  of  land  at  the  south  end  of  the  lake  stands  less  than  5  feet  above 
mal  lake;  level,  and  is  c.onse<juently  subject  to  overflow  from  the  lake,  but  it  is  not  w' 
the  scopt»  of  this  investigation  to  consider  overflow  from  the  lake  alone.  The  elevatic 
the  lake  surface  (lo(«,  however,  hi  a  measure,  affect  the  overflow  of  the  creeks,  bec4iu 
controls  the  surface  slope  near  the  mouth  of  each.  The  sidewalk  on  State  Street  Brid 
about  9  feet  alx)ve  normal  lake  level,  or  4  feet  above  high-water  lake  level.  There  w< 
therefore,  l)e  a  surfa<'e  slope  of  from  2  to  3  feet  from  the  under  surface  of  State  Street  Bi 
to  the  lake,  a  dl^^tance  of  about  1  mile,  when  the  lake  level  Ls  at  it^  maximum  height. 

The  efre<*ts  of  floods  on  Sixmile  Creek  and  Cayuga  Inlet  are  intensified  by  the  smallne 
the  channel  and  the  obstructions  in  the  streamway  from  State  Street  Bridge  to  a  point  b 
Bulfalo  Street  Bridge.    The  average  width  of  the  channel  along  this  portion  of  it  is  onl 


Fig.  2.— ICap  showing  ares  overflowed,  location  of  bridges,  etc.,  Ithaca,  N.  Y. 
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Fig.  W.-  Flood  jiroliU*  uiul  cross  s^tioiis  <.f  Si.\ii;ilc  Crock. 
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feet.  Tliere  are  two  or  three  groups  of  piles  under  each  of  these  bridges,  one  being  the 
group  that  supports  the  draw  span  of  the  bridge.  The  water  cross  section  at  each  of  these 
bridges  up  to  the  bridge  floor,  not  making  any  allowance  for  the  area  of  the  piles  in  the 
channel,  is  as  follows:  State  Street  Bridge,  1,625  square  feet;  Seneca  Street  Bridge,  1,244 
square  feet;  Buffalo  Street  Bridge,  1,210  square  feet.  These  sections  and  the  portion  of 
fltteh  obstructed  by  piles  are  shown  in  fig.  3.  With  a  surface  slope  of  2  to  3  feet,  Cayuga 
Inlet,  if  unobstructed,  would  discharge  6,000  second-feet.  The  maximum  flow  being  more 
than  15,000  second-feet,  there  remains  a  flow  of  9,000  second-feet  to  be  provided  for,  either 
by  storage  or  by  the  construction  of  an  overflow  channel,  if  the  overflow  of  State  .street  is  to 
be  prevented  during  a  flood  of  the  magnitude  of  that  of  Juno  21, 1905. 

It  is  not  within  the  scope  of  this  investigation  to  determine  whether  or  not  storage  suffi- 
cient to  control  thb  amount  of  flow  is  obtainable.  Judging,  however,  from  the  topography 
of  tho  watershed,  one  would  readily  infer  that  such  storage  is  possible;  but  the  second  solu- 
tion of  the  problem,  namely,  the  construction  of  an  additional  channel  to  carry  off  this 
surplus  water,  would  be  the  most  feasible.  This  solution  has  several  times  been  recom- 
mended, but  satisfactory  data  have  not  heretofore  been  available  to  determine  the  proper 
mxe  of  the  channel.  This  channel  would  be  about  a  mile  long,  and  would  be  cut  through 
low  ground  of  little  value  and  easy  of  excavation. 

IMPROVElffENT  OF  CHANNEL  OF   SIXMILE   CREEK. 

The  damage  done  by  floods  upon  this  creek,  from  a  point  about  800  feet  above  Aurora 
Street  Bridge  to  Cayuga  Street  Bridge,  would  several  times  pay  the  cxpeiLse  of  suitable 
bank  protection.  The  flood  of  1905  has  taught  a  useful  lesson  as  to  the  kind  of  protection, 
its  height,  and  the  proper  width  of  the  channel.  The  concrete  work  near  Aurora  Street 
Bridge  was  uninjured  by  this  flood,  but  was  not  sufficiently  higii.  The  width  of  channel  at 
this  place  is  about  56  feet  and  the  maximum  depth  of  the  water  was  about  10  feet.  The 
bed  was  not  injured  by  scour.  Below  Cayuga  Street  Bridge  the  grade  of  the  stream  bed 
decreases;  hence  the  width  of  the  channel  should  increase  as  Stat  e  St  root  Bridge  is  approached . 
The  height  of  the  banks  and  the  width  of  channel  can  easily  be  computed  from  the  maxi- 
mum rate  of  flow  and  the  slope  of  the  l>ed. 

CONCI^l^SIOX. 

Rainfall  records  are  of  little  value  in  estimating  tho  maximum  flow  of  streams,  ospecially 
the  smaller  ones.  The  maximum  rates  of  flow  are  duo  to  storms  of  short  durat  ion  and  great 
intensity  over  small  areas,  and  there  is  seldom  a  rain  gage  in  the  area  of  greatest  precipita- 
tion. The  maximum  rate  of  flow  of  Sixmile  Crook  at  Itiiaca,  Juno  21 ,  1905,  was  about  three 
times  greater  than  its  supposed  maximum  rate  computed  from  rainfall  records. 

FLOOD  ON  THE  UNADILLA  AND  CHENANGO  RIVERS,  NEW  YORK. 

By  R.  E.  HoBTON  and  C  C.  Covert. 

INTUOnUCTION. 

Consideittble  damage  was  done  in  the  valleys  of  the  Unadilla  and  Chenango  rivers,  in 
Chenango,  Otsego,  and  Madison  counties,  New  York,  on  Septembor  3  and  4,  by  a  flood  that 
caused  the  overflow  of  the  smaller  streams  of  those  l)asiiis  and  tho  failure  of  culverts  and 
reservoirs.  The  flood  was  the  direct  result  of  a  short  rain  storm,  of  graat  intensity,  that 
I  occurred  after  several  days  of  rain,  which  had  saturated  the  soil  and  filled  the  streams  nearly 
bank  full. 

Unadilla  River  rises  in  the  southern  part  of  Herkimer  County,  flows  southeastward  for 
about  50  miles,  and  empties  into  tho  Susquolianna  near  Sydney.  Its  chief  tributary'  is 
Wharton  Creek,  which  enters  it  at  New  Berlin.    The  watershed  is  long  and  narrow,  with 
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inage  areas  of  the  streams  on  which  most  of  the  damage  was  done  by  this  flood  are 
ately  as  follows: 

Square  miles. 

above  Ackermao  dam 9. 4 

)rook  above  mouth gs.  0 

liver  above  South  Edmeston 172.0 

liver.  South  Edmeston  to  electric  light  company's  dam  at  New  Berlin 32.0 

idilla  River  above  dam,  New  Berlin 204. 0 

na  River  above  Sydney 914.0 

c  above  storage  reservoir,  near  Sherburne 5.0 

River  above  South  O xford  B  ranch 423. 0 

IMIECIIMTATION. 

lowing  table  gives  the  depth  of  rainfall,  in  inches,  at  several  stations  of  the  United 
eather  Bureau  in  the  vicinity  of  the.se  hasin.s  from  August  29  to  September  4, 
Fig.  4  shows  the  watersheds  of  these  streams  and  the  location  of  some  of  these 
Lations: 

ion  in  vicinity  of  the  Chenango  and  Unatiilla  v^ersheds  August  29  to  September  4t 

1905. 


Station. 


August 


29. 


I  0.31  I 

wn I  0  00 

'  0.  30 

• '  o.(r> 

m I  0.31 

!  (o) 

'■  0.  15  ' 

nile '  0.00  I 

•tnght i  0.18 

s 0.23 

rg '  0.31  I 

fervoir I  0.38 


30.      I 

2.13  1 
1.50 
1.2.5 
2.  HI 
1.70  ! 
I  84 
1.41  ; 
0.9fi  I 
1  43 
0  9K  1 
0  :u 
0  37 


31. 


I 


0.00 
0.00  I 
0.28  ^ 
0.01 
0.02  I 
0.00 
0.40 
0.00  1 
0  28 
0  00 
0.80 
0  91  1 


September— 

Total. 

1. 

2. 

3.       1 

4. 

0 

0  22 

0.80 

1.36 

4.82 

0 

0.  .V) 

1.  15 

022 

3.42 

« 

0  11 

C) 

l.W 

3.47 

0 

0.22 

1.30  : 

0  17 

4.37 

0 

0.42 

0.12  , 

1  92 

4.49 

0 

Tr. 

0.00  ' 

0-28 

2.12 

0 

0.42 

0  50  ; 

0.55 

3.43 

0 

0.49 

0  03  , 

0.24 

1  72 

0 

Tr. 

0.38 : 

0  52 

2.79 

0 

0  58 

0.55  1 

2  52 

4.86 

1.20  ' 

1.21  1 

0.87 
a  87 

3.51 

3  74 

a  Amount  uK'ludcfl  in  next  measurement 

•aefenberg  and  Savage  reservoirs  are  hx-aled  near  Utica,  a  few  mile^  north  of  the 
>-Mohawk  divide. 

rainfall  data  indicate  only  in  a  general  way  the  precipitation  for  this  period  over 
ins.  None  of  the  stations  are  located  in  the  areas  where  the  greatest  damage  was 
he  rainfall  at  several  of  the  .station.^  wa.s  greater  on  August  30  than  during  the 
s  fact  showing  that  the  precipitation  over  the  flooded  basins  was  probably  much 
lan  shown  by  these  records  The  mea.sured  rainfall  and  the  damage  done  indicate 
favy  rain  of  .short  duration  over  a  comparatively  small  area.  The  effect  of  this 
m  was  intensified  by  the  heavy  rains  of  the  previous  six  days. 
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numerous  side  grass-covered  valleys  and  a  moderate  amount  of  woodland.  The  s 
and  gravel,  of  considerable  depth,  underlain  by  rock.  The  smaller  streams  are  pi 
with  l)eds  of  bowlders,  shingle,  and  gravel,  and  as  their  headwaters  are  appro 
b<»ds  become  solid  rock. 


Fig.  4— Mm])  of  (InimiiKO  basins  dl  t'nndillii  jmkI  Chrnjingo  rivors.  Now  Y'orl;. 


Choimngo  Hivor  is  KK'utod  just  west  of  the  Unadilhi,  aiui  its  basin  greatly  resei 
of  llu'  riiadilla,  briii^  lon«^  and  coiiiparativrlN  iiaiiow,  witli  miincrous  small  si( 
The  side  slopes  are  grass-(  overed  and  ino<loralclv  strep. 


^^ 


NKW    YORK:    UKADILLA    AND   CHENANGO    RIVERS. 
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"niedratnftge  areas  of  the  stream's  on  which  most  of  the  damage  was  done  hy  this  flood  are 
ipproximately  as  follows: 

Square  miles. 

HUJ  Brook  Abore  Ackerraan  dam 9. 4 

Wlurioo  Brook  above  mouth 85.0 

iMdlll*  River  above  South  Edmeaton 172.0 

rntdillt  River,  South  Edmeston  to  electric  light  company's  dam  ai  New  Berlin 32.0 

Toul,  Unadilla  River  above  dam.  New  Berlin 204.0 

^iMquehaona  River  above  Sydney ftI4. 0 

Mad  Brook  above  storage  reservoir,  near  Sherburne 5.0 

Cbeoaogo  River  above  South  Oxford  Branch 423. 0 


PRECIPITATION. 


The  following  table  gives  the  depth  of  rainfall,  in  inches,  at  several  stations  of  the  United 
States  Weather  Bureau  in  the  vicinity  of  these  hasin.s  from  August  29  to  September  4, 
f     indoaive.    Fig.  4  shows  the  watersheds  of  these  streams  and  the  location  of  some  of  these 
minfall  stations: 

PndjnUUion  in  vicinity  of  the  Chenango  and  Unadilla  vxUerHheds  August  20  to  September  4^ 

1905. 


Sutlon. 


Bouckvllle 

Coopprstown 

Cortland 

Dc  Ruyter 

New  Lisbon 

Oneonta 

Oxford 

Ricbmondvllle.. 
South  Kortnght 

Uttle  Falls 

Graefenberg 

Savage  reservoir 


August- 

29.      I      30.      I 


September 


2. 


0.31  I 

0  00  I 
0.30 

O.OH  I 
0  31 

(")  1 

0.15  I 

0.00  I 

0. 18  { 

0. 23  j 

0.31  I 

0.38  I 


2.13  I 
1.50, 

2.61  1 
1.70  i 
1.84, 
1.41  ; 
0.96  I 
143 
0  98 
0  Xi  \ 
0  37 


0.00 
0.00 
0.28  I 
O.OI  I 
0.02  I 
0.00  I 
0.40 
0.00  ! 
0  28 
0  00  I 
0.80 

0  91  t 

I 


0  22  I 

O-Tm  I 

0.  11  1 

0.22  I 


0 

0.42 

0 

Tr. 

0 

0.42 

0 

0.49 

0 

Tr. 

0 

0  :)8 

0.80 
1  15 

1.30 
0.12 
0.00 
0  50 
0  03 
0.38 
0.55 
1.20 
1.21 


1.36 
0  22 
1.53 

0  17 

1  92 
0  2% 
0.55 
0.24 
0  52 

2  52 
0.87 
a  87 


Total. 

4.82 
3.42 
3.47 
4.37 
4  49 
2.12 
3.43 
1  72 
2.79 
4.86 
.V  .Jl 
3  74 


a  Amount  includerl  in  next  mea.surement 

The  Graefenbeig  and  Savage  reservoirs  are  located  near  Utica,  a  few  miles  north  of  the 
Chenango-Mohawk  divide. 

These  rainfall  data  indicate  only  in  a  general  way  the  precipitation  for  this  period  over 
these  tMLsins.  None  of  the  stations  arc  located  in  the  areas  where  the  greatest  damage  was 
done.  The  rainfall  at  several  of  the  stations  wa.s  greater  on  August  30  than  during  the 
flood,  this  fact  showing  that  the  precipitation  over  the  flooded  basins  was  probably  much 
greater  than  shown  by  these  records.  The  measured  rainfall  and  the  damage  done  indicate 
a  very  heavy  rain  of  short  duration  over  a  comparatively  .small  area.  The  effect  of  this 
local  storm  was  intensified  by  the  heavy  rams  of  the  previous  six  days. 

IRR  162—06 2 
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DISCHARGE. 

The  maximum  discharge  of  some  of  the  streams  in  the  flooded  area  is  given  in  the  follow- 
ing   table : 

Maximum  discharge  of  streams  in  UnadiUa  and  Chenango  basins. 


Stream. 


Mill  Brook. 


Unadilla  River. 


Mad  Brook. 


Starch 
Creek. 

Do.. 

Do.. 

Do.. 

Do.. 


Factory 


Locality. 


Ackerman  dam,  near  Edmes- 
ton. 

New  Berlin  Electric  Light  and 
Power  Company's  dam. 

Upper  storage  reservoir,  Sher- 
Dumc. 

Near  Utica 


Date. 


ptember   3,    4, 


3.    4. 


.do. 
.do. 
.do. 
.do. 


September 
1905. 

September   3,    4 
1905. 

September   3,    4 
1905. 

June  21. 1906 

March.  1903 

Octol)er  10. 1903. 

March  25, 1904  a. 


Area 
(square 
miles). 


9.4 

204.0' 

&0 

3.4 

3.4 
3.4 
3.4 


Discharge. 


Second- 
feet. 


2,300.0 

8,200.0 

1,300.0 

712.0 

647.5 
367.0 
313.0 
372.0 


Second- 
feet 
per 

square 
mile. 


241.0 

40.0 

262.0 

209.0 

180.* 
10».<> 
«2.« 
10»-* 


•  Melting  snow.  « 

The  discharge  of  Starch  Factory  Creek  at  the  gaging  stations  near  Utica  has  been  include?^ 
for  purposes  of  comparison.  The  records  of  flow  at  this  station  have  been  kept  for  thrff^ 
years,  and  the  discharge  obtained  there  is  more  accurate  than  that  obtained  at  the  othe  ^ 
places  mentioned  in  the  table. 

It  is  seen  that  the  flood  of  September,  1905,  on  Starch  Factory  Creek  was  somewha#^ 
larger  than  that  of  June  21,  1S05,  and  considerably  larger  than  those  of  1903  and  1904^ 
As  far  as  known,  the  storm  that  caused  the  flood  of  June,  1905,  did  little  damage  in  the 
Unadilla  and  Chenango  basins.  The  duration  of  the  September  flood  of  1905  was  from 
twelve  to  fifteen  hours,  and  was  somewhat  longer  on  the  Chenango  than  on  the  Unadilla 
River. 

In  the  Chenango  basin  the  magnitude  of  the  fl(H)d,  as  well  as  the  damage  done,  was 
nmch  less  than  in  the  Unadilla  basin.  This  dilTerence  was  due  in  part  to  the  interception 
of  a  part  of  the  flood  water  for  storage  in  the  State  reservoirs  in  the  upper  Chenango  basin. 
These  reservoirs,  which  are  located  in  the  vicinity  of  Hamilton,  had  been  drawn  down 
during  the  months  preceding  the  flood  to  supply  the  Erie  Canal.  As  a  result  the  run-off' 
from  the  area  tributary  to  them — comprising  30  square  miles,  mostly  hillside  land — was 
intercepted  and  stored  in  the  reservoirs,  and  the  damage  that  would  have  resulted  from 
the  passage  of  this  volume  of  water  down  the  streams  was  thus  prevented. 

The  maximum  discharge  of  Chenango  River  at  Binghamton,  near  its  mouth,  during  this 
flood  was  17,400  second-feet  at  5  p.  m.  September  5.  On  March  2,  1902,  the  disehai^e  of 
this  stream  at  this  place  was  35,950  second-feet  —that  is,  twice  as  great  as  during  the  flood 
of  1905.  The  maximum  discharge  of  the  Susejuehanna  at  Binghamton  during  the  flood 
was  29,240  second-feet  at  5  p.  m.  Septeml)er  4.  On  Man*h  2, 1902,  the  maximum  dischai^ 
here  was  60,400  second-feet — that  is,  more,  than  twice  that  measured  during  the  flood  of 
September,  1905.  The  March  flood  on  the  Suscjuehanna  was  not  only  twice  as  lai^ge,  but 
was  of  much  longer  duration,  and  was  due  to  the  melting  of  ice  and  snow,  as  well  as  to  rain. 

I>AMA«K. 

The  greatest  damage  caused  by  this  storm  occurred  in  the  village  of  Edmeston,  at  New 
Berlin,  and  elsewhere  along  Wharton  Creek  and  Unadilla  River.  The  failure  of  the  Sher- 
burne Waten^'orks  reservoir,  in  the  Chenango  basin,  resulted  in  severe  damage  below  it. 


:r,"^^ 
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lie  nilroads  paasiiig  through  these  basins  suffered  heavily  and  were  out  of  service  from 
one  to  two  weeks.  Three  dams  at  Mill  Creek  above  Edmeston  failed,  also  one  at  Edmeston 
and  one  at  New  Berlin.  These  failures  intensified  the  flood.  The  damage  in  the  vicinity 
of  the  village  of  Edmeston  is  estimated  at  $25,000.  The  damage  at  New  Berlin  resulted 
from  the  choking  of  a  stone  arch  culvert  over  a  tributary  of  Paper  Mill  Brook,  three-fourths 
of  t  mile  above  the  village.  This  culvert  became  clogged  with  drift  and  the  stream  over- 
flowed the  arrh  and  wa^ed  it  away,  flowing  down  Main  street,  scouring  in  some  places  to 
the  depth  of  8  or  10  feet,  sweeping  away  the  smaller  buildings,  filling  cellars,  and  causing 
i  k»  of  $10,000  to  residences  and  business  houses  in  the  village.  In  the  township  of  New 
Beriin  22  bridges  were  washed  away,  ranging  in  value  from  $25  to  $1 ,400.  The  villages  of 
Bridgewater,  Brookfield,  and  North  Brookfield  also  suffered  heavily  from  this  flood. 

The  village  of  Sherburne  gets  its  water  supply  from  two  reservoirs  on  Mad  Brook,  about 
2  miles  northeast  of  the  village.  The  upper  or  storage  reservoir,  having  a  capacity  of 
10,000,000  gallons,  was  formed  by  an  earth  embankment  300  feet  long,  35  feet  high,  and  10 
feet  thick  on  the  top.  There  is  a  spillway  35  feet  wide,  6  feet  deep,  with  a  slope  of  1  in  350 
it  one  end.  During  this  flood  the  water  in  this  reservoir  rose  to  the  height  of  1  foot  above 
the  top  of  this  embankment  and  scoured  out  a  U-shaped  section  150  feet  in  width  at  the  top 
to  the  base  of  the  embankment.    The  lower  reservoir  also  was  damaged  to  some  extent. 

Nearly  every  bridge  in  the  towns  of  Exeter,  Columbus,  Sherburne,  Pittsfield,  Edmeston, 
ukI  New  Berlin  were  either  washed  away  or  badly  damaged. 

FLOOD  ON  ALLEGHENY  RIVER,  PENNSYLVANIA-NEW  YORK. 

INTRODUCTION. 

The  spring  freshet  of  March  18-31  on  the  Allegheny  and  upper  Ohio  rivers  was  not  the 
itilgest  or  most  destructive  that  has  occurred  on  these  streams,  but  nevertheless  approached 
ckneij  the  maximum  recorded  stage  at  some  places  along  the  Allegheny  and  caused  much 
^  of  property  and  inconvenience. 

The  highest  stage  at  Pittsburg  was  29  feet,  which  is  4.2  feet  below  the  height  reached  dur- 
ing the  great  flood  of  1884,  but  only  1  foot  below  that  of  the  flood  of  1904,  when  about 
W|OOD,000  worth  of  property  was  destroyed  in  western  Pennsylvania  and  eastern  Ohio. 
Itte  highest  stage  of  the  Monongahela  at  Lock  No.  4,  Pennsylvania,  was  27.2  feet,  which  is 
15  feet  below  maximum  recorded  stage.  The  failure  of  this  stream  to  yield  the  rate  of  flow 
expected  resulted  in  a  stage  2  feet  less  than  was  predicted. 

The  flood  was  the  result  of  rapid  melting  of  snow  on  five  days  (March  16-20),  and  a  rain- 
Wl  of  0.75  inch  on  the  19th  and  0.50  inch  on  the  20th.  The  ice  gorges  held  back  large 
volumes  of  water  and  augmented  the  maximum  rate  of  flow. 

Allegheny  River  rises  in  northern  Pennsylvania,  at  an  altitude  of  about  2,500  feet.  It 
flows  northwestward  into  New  York,  then  southwestward  through  Pennsylvania,  and  joins 
the  Monongahela  at  Pittsburg,  Pa.,  to  form  the  Ohio.  Its  length,  measured  along  the 
stream,  is  325  miles,  and  the  area  drained  by  it  comprises  11,100  square  miles.  From  its 
mouth  to  Olean,  N.  Y.,  a  distance  of  255  miles,  the  slope  is  gradual  and  slightly  less  than  3 
feet  per  mile.  From  Olean  to  Salamanca,  N.  Y.,  a  distance  of  23  miles,  the  fall  is  1.85  feet 
per  mile. 

The  greater  part  of  the  watershed  is  mountainous  or  hilly,  with  steep,  nearly  impervious 
slopes  and  no  surface  storage;  hence  the  nin-ofT  is  rapid.  The  rapid  melting  of  snow,  which 
in  places  in  the  upper  part  of  the  watershed  has  a  depth  of  3  feet,  and  the  formation  of  ice 
gorges  cause  great  floods,  especially  in  the  sluggish  stretches  of  the  strc>am.  One  of  the 
Ingest  of  these  ice  freshets  occurred  January,  1877.a 

•  Report  of  Chief  of  Engineers  U.  S.  Army  for  1880,  pt.  2,  p.  1769. 
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PRECIPITATION. 

There  are  no  authentic  records  of  the  depth  of  snow  accumulated  during  the  w 
1904-5  or  its  water  equivalent.  The  following  record  of  water  equivalent  of  snow  i 
places  in  New  York  State  a  will  show  in  a  general  way  the  probable  water  equivalen 
snow  in  the  upper  part  of  this  basin : 

Water  equivalent  of  snwr  on  ground  at  Hancock  and  near  Vtica,  N.  y.,  during  Fehm 

March,  1906. 


Date. 


February  6. . 
February  13. 
February  14. 
February  20. 
February  21. 
February  27. 
February  28. 

March  6 

March  13 

March  20 

March  27 


Hancock. 


Jnche*. 

1.85 


2.93 
3w49 


Utica. 


G 

bci 
vc 


I 


Inches. 
2.39 
3.27 


3.27 


2.45   . 


2.40 

i.ao 

1.35 


3wl8 
2.89 


During  the  five  days  comprising  March  lG-2()  the  temperature  in  this  basin  was  as 
Temperatures  in  Allegheny  liu^er  haaiji  March  lG-20,  1905. 


Date, 

Maximum. 

Minimum. 

Date. 

Maximum. 

59 

48 

Mi 

March  U\ 

55 

G2 
07 

.... 

21 
31 

March  19 

March  17 

March  20 

March  18 

Tlicse  high  tcm|x?ratures  were  accompanied  by  considerable  rain,  especially  on  M 
and  2(),  averaging  for  16  stations  in  this  basin  0.7.5  inch  on  the  19th  and  0.50  inch 
2()t!i.  As  a  result  of  this  rain  and  melting  snow  the  tributaries  rose  rapidly  during  t 
and  2()th  and  reached  a  maximum  stage  generally  on  March  20. 


a  Data  (uruishcd  by  U.  E.  llorton,  district  hydrograpber. 


OS. 


-*xi-.... 


*^'^-. 


PmraSYLVAKIA-MBW    YOBK:    ALLEGHENY    BIVEB. 

THE  FLOOD. 

lliegBge  heif^ts  at  several  points  are  shown  in  the  following  table: 

Gage  heighit  inftelj  in  Allegheny  River  hasin,  March  18-Sl^  1906. 
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Date. 

Fi«eport.« 

Oil  City.« 

Ked  bouse. 
N.  Y.6 

Mononga- 
hcla  River 

at  Lock 
No.4,Pa.a 

Uedbank 

Creek. 

Brookville, 

Pa.o 

Clarion 

River, 

Clarion, 

Pa.« 

Conemaugh 

River, 

Johnstown, 

Pa.o 

MwthlS 

lao 

4.2 

&5 

9.6 

1.4 

7.4 

6.4 

MuGfalO 

16.8 

15.5 

11.4 

9.9 

5.0 

10.8 

7.6 

March  29 

*31.2 

17.6 

11.6 

14.4 

5.8 

16.0 

8.8 

Kirch  21 

28.5 

14.9 

11.7 

las 

4.0 

11.0 

9.0 

March  22 

2a3 

14.1 

11.1 

27.2 

3.8 

9.6 

7.0 

March  23 

21.5 

12.3 

9.9 

20.5 

2.8 

7.7 

5.4 

March  24 

18.0 

11.1 

9.6 

13.3 

2.0 

as 

4.5 

March  25 

17.4 

11.0 

9.6 

12.9 

March  26 

16.8 

10.8 

9.7 

13.3 

, 

Mareh27 

17.5 
18.0 

ia4 

10.3 

9.9 
9.8 

•    13.2 
12.3 

1 

March  28 

i'                   1         

March  29 

15.0 
13.0 
11.8 

9.4 
8.6 
7.9 

9.3 
8.8 
8.2 

10.9 
10.0 
9.2 

1 

Marehao 

1 

March  31 

' 

•  U.S.  Weather  Bureau  SUtion. 

^Tblfl  gagiiig  station  is  described  in  Watei^Sup.  and  Irr.  Paper  128,  p.  45. 

e  Maximum,  32  feet. 

llw  Freeport  station  is  just  below  the  mouth  of  Kiskiminitas  River  and  is  28  miles 
»bove  Pittsburg.  The  highest  stage  at  Freeport  was  32  feet — that  is,  31.3  feet  above  low 
nter— on  Blarcb  20.  The  highest  recorded  stage  was  32.7  feet  on  February  18, 1891 .  The 
nuLximum  of  1905  lacked  only  0.7  foot  of  being  as  high  as  the  highest  since  1890  at  this  plac«. 
Hie  following  table  gives  the  maximum  stage  of  the  river  at  Freeport  each  year  from  1890  to 
IS05: 

Flood  stages  of  Allegheny  River  at  Freeport,  Pa.,  1890-1905. 


Year. 

Date. 

Gage 
belght.o 

Year. 

Date. 

h?iggt.a     Vear. 

Date. 

Gage 
height/* 

WW.... 
WW.... 
1890.... 

1882.... 
18W.... 
1»4.... 

January  10 

April  10 

May24 

February  18 . . 
Marcb28..... 

May  18 

May  22 

Feet. 
16.0 
20.0 
22.1 
32.7 
17.5 
22.8 
24.5 

1895... 
1896... 
1  1897... 
1806... 
1899... 
1900... 

1 

April  10 

March  31 

March  6 

March  24 

March  7 

January  22. . . 

Feet.     . 

20.6  ||  1901... 

20.2  1902... 
19.5  1    1903.  .•. 

25.3  1  1904... 
17.0       1904... 
17.5  II  1905... 

April  21 

March  I 

February  .">. . 
January  2.i.. 
March  4 . . . . 
March  20 

Fert. 
Zi.Q 
28.8 
23.6 
30./ 
27.9 
6  31.2 

a  U  S   Weather  Bureau  guge  heights. 
6  Maximum, 32  feet. 

The  greatest  stage  at  Oil  City,  123  miles  above  Pittsburg,  was  17.6  feet  on  the  20th.  On 
March  17, 1865,  the  stage  at  this  place  was  21  feet— that  is,  3.4  feet  higher  than  during  this 
flood. 

The  greatest  stage  at  Redhouse,  about  15  miles  above  the  New  York-Pennsylvania  line, 
was  11.7  feet  on  March  21.  This  is  less  than  9  feet  above  ordinary  low  stage.  There  waa 
00  ovefflow  worthy  oi  meotioo  here  or  above  this  station. 
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The  maximuni  stage  during  this  freshet  at  Lock  No.  4,  on  the  Monongahela,  about  4 
above  its  mouth,  was  27.2  feet  on  the  22d.  The  rate  of  flow  was  94,000  second-feet 
highest  recorded  stage  is  42  and  the  highest  dischai^  is  207,000  second-feet.  The  ' 
contributed  to  this  flood  by  this  stream  was  comparatively  small.  This  small  nii 
partly  due  to  a  freshet  of  greater  magnitude,  which  occurred  from  the  8th  to  the  14l 
which  removed  most  of  the  snow  from  the  watershed. 

The  details  of  river  stage  at  Ktttanning,  Pa.,  45  miles  above  Pittsbui^,  are  shown 
The  ice  jam  at  Ford  City,  about  3  miles  below,  broke  at  about  10.30  a.  m.  on  Marc 

Oage  heighU  and  diadutrge  of  Allegheny  River  at  Kitianningf  Pa.,  Mardi  18-2 J^,  : 


Date. 


Hour. 


March  IR 

March  18 ' 

March  18 

March  18 | 

March  18 

March  19 ! 

March  19 1 

March  19 ! 

March  19 

March  19 

March  19 ; 

March  19 ! 

March  19 j 

March  19 i 

March  19 

March  19 ' 

March  20 1 

March  20 1 

March  20 j 

March  20 


Oaae 
height. 


I       Dii-      ' 
I    charge,    i 


10.30  a.  m. 
11.30  a.m. 

3.30  p.  ni. 

4.00  p.  m. 

4.30  p.  m. 
11.00  a.m. 
12.30  p.  m. 

2.00  p.  m. 

2.30  p.  m. 

3.15  p.  m. 

4.15  p.m. 

4.45  p.  m. 

5.40  p.  m.  I 

5.55  p.  m.  I 

6.15  p.m.  [ 

6.35  p.  m. 

7.15  a.  m. 

8.15  a.  m. 
11.15  a.m. 
12.30  p.  m. 


Feet.     I 
16.40  , 
15.30  : 
12.10 
11.95 
11.85 
16.50 
17.60  ' 
1&40  I 
1&70  , 
19.50 
2a  45  , 
20.90 
22.15  ' 
22.50  I 
22.90  i 
23.25  i 
28.40 
28.55 
28.75 
28.80 


Sec.'feet. 

82,900 

73.000 

47.830 

46,810 

46,140 

83.840 

94,560 

102,800 

105,900 

114,700 

125.600 

131.000 

145,640 

151,200 

156,600 

161,300 

235,000 

237.200 

240.200 

240.900 


Date. 


March  20.. 

March  20. . 

March  20.. 

March  20.. 

March  20.. 

March  21. . 

March  21.. 

March  21.. 

March  21.. 

March  21.. 

March  21.. 
I  March  21. . 
'  March  22.. 
I  March  22.. 
I  March  22.. 
I  March  22.. 
^  March  22.. 

March  23.. 

March  24.. 

March  25. . 


Hour. 


ii 


2.00  p.  m. 

2.30  p.  m. 

2.45  p.  m. 

4.00  p.  m. 

4.30  p.  m. 

7.15  a.m. 

8.15  a.m. 
10.30  a.  m. 
11.15  a.m. 
11.50  a.m. 

2.10  p.  m. 

3.10  p.m. 

7.45  a.  m. 

9.00  a.  m. 
11.00  a.  m. 
12.45  p.  m. 

2.00  p.  m. 

6.30  a.m. 

6.00  a.  m. 

7.00  a.  m. 


Qa«G 
leight.     ( 


hel 


Feet. 
28.75 
28.70 
28.70  : 
28.60  I 
28.50 
25.50  I 
25.30  , 
24.80 
24.70 
24.60 
24.25 
24.10 
22.35 
22.20 
22.00 
21.75 
21.60 
19.25 
16.50 
16.05  , 


Tho  highest  stage  at  Kittanning  was  28.8  feet  on  the  gage,  or  26.5  feet  above  ordin 
water.  It  larked  6  to  8  inches  of  the  height  reached  by  the  flood  of  1865,  and  pi 
lacked  8  indies  or  more  of  reaching  the  height  of  the  flood  of  1832.  The  rise  was  ver^ 
about  5  feet  the  first  day  and  10  feet  the  second.  The  maximum  daily  rate  of  discha 
231,990  .second-feet,  or  26.7  second-feet  per  square  mile. 

FLOOD  ON  OHIO  RIVER. 

Tlie  gaging  station  on  this  stream  is  at  Wheeling,  W.  Va.,  90  miles  below  Pittsbt 
The  drainage  above  it,  including  the  Allegheny  an<J  Monongahela  basins,  is  23,800 
mil(»s.  Beaver  River,  which  joins  the  Ohio  from  the  north  25  miles  below  Pittsl 
the  only  comparatively  large  stream  entering  l)etween  Pittsburg  and  Wheeling.  Iti 
age  area  comprises  3,030  square  miles.  The  first  comparatively  large  stream  that  j< 
Ohio  below  Wheeling  is  the  Mu.skingum  River.  It  enters  from  the  north  at  Mari< 
miles  below  Wheeling,  and  has  a  drainage  of  7,740  .square  miles. 
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OHIO   RIVER. 
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Hie  magnitude  and  duration  of  the  flood  of  March,  1905,  can  be  seen  from  the  data  in  the 
foflowing  table: 

Stages  of  Ohio  River  and  tribuiaries  during  flood  of  March,  1905. 


Date. 


Ohio  River  at  Wheel- 
ing, W.  Va. 


Ohio 
River  at 
Davis 
Island 
dam  .a 


^,_    D.«b.n5e.l  ^^, 


KsiehlS.. 
Msich  19. . 
lfAicb20.. 
lUith21.. 
Iliicti22.. 
liAidi23.. 

)Un!h2S.. 
]Ulch27.. 
)Uicfa28.. 
VARh29.. 
March  ao.. 
MtiebSl.. 

Aprill 

April  2.... 
Aprils.... 


Feet. 
10.9 
14.9 
28.2 

38.7  ' 
042.3  I 

41.8  I 
34.0 
2S.2 
23.2  ! 
22.6 
21.2  ' 
19.9 
17.9 

15.9  , 
14.0  I 
12.4 
ia9  i 


Sec.'feet. 
54,840 
85,700 
205,200 
329,200 
359,600 
353,700 
265,600 
185,500 
157,000 
151,500 
138,900 
127,500 
110,400 
93,790 
78,500 
65,920 
54.340 


Ohio  Ohio 

River  at  l  River  at 

Mari-    !  Cincin- 

etta.fr    I    nati.c 


Gage 
height. 


Feet. 
9.5  , 

14.1  ; 

23.2  I 
26.1  I 

27.1 ; 

23.1  ; 

17.2  1 
15.0 
15.1  j 

14.5  I 
13.8  ' 
12.8  I 
■11.5  ! 

10.6  I 


Feet. 
10.75 
12.6 
20.7 
32.8 
39.1 
40.4 
38.8 
33.7 
27.2 
23.6 
21.3 
19.8 
l&l 
16.4 


Gage 
height. 


Feet. 


25.3 
22.3 
21.2 
28.8 
37.1 
42.2 
45.0 
46.8 
47.0 
45.4 
42.2 
38.7 
35.2 
31.3 
28.4 
26.0 


Beaver 
River  at 

El  wood 

Junction, 

Pa.(i 


Gage 
height. 


Feet. 


4.3 
9.6 
9.0 
9.0 
6.0 
5.0 
4.0 
4.0 
4.0 
3.9 
3.« 
3.8 
3.8 


Muskin- 

?im  at 
anes- 
ville.< 


Gage 
leight. 


heigl 


Kana- 
wha at 
Charles- 
ton, 
W.  Va./ 


Gage 
leight. 


heigl 


Feet. 


Feet. 


11.1 
13.7 
15.6 
17.3 
16.9 
15.9 
14.5 
13.0 
11.8 
10.9 
10.2 
9.8 
9.5 


6.5 
7.0 
8.0 
9.8 
10.8 
8.5 
7.3 
7.2 
7.0 
6.4 
6.0 
5.5 
5.3 


■  Highest  sUge  32.3  feet  February  7, 1884. 
» Highest  stage  46^  feet  February  7.1884. 
'Highest  stage  71.1  feet  February  14. 1884. 
< Highest  stage  18  feet  May  18,  im. 


« Highest  stage  35.9  feet  March  24.  1898. 

/  Highest  sUge  46.9  Xeet  September  29, 1861. 

0  Maximum  stage  42.7  feet  8  p.  m. 


The  Ohio  at  Davis  Island  dam,  5  miles  below  Pittsburg,  reached  on  March  22  a  maximum  . 
lUge  of  27.1  feet,  which  is  5.2  feet  less  than  the  maximum  reached  during  the  great  flood  of 
February,  1884.    On  the  same  date  it  reached  a  maximum  stage  of  42.3  feet  and  a  rate  of 
flow  of  359,600  second-feet  at  Wheeling.    On  February  7,  1884,  the  river  reached  a  stage 
of  53.1  feet  at  Wheeling  and  a  maximum  rate  of  flow  of  494,200  second-feet. 

At  Cincinnati,  Ohio,  a  maximum  stage  of  47  feet  was  reached  on  the  27th,  which  is  24.1 
feet  below  the  height  reached  by  the  flood  of  1884.  The  maximum  stage  of  Beaver  River 
»t  Elwood  Junction,  Pa.,  was  8.4  feet  below  the  highest  recorded  stage. 

During  this  flood  the  Muskingum  at  Zancsvillc  was  18  6  feet  below,  and  the  Kana- 
wha at  Charleston  was  36.1  feet  below  the  maximum  recorded  stage.  It  is  evident, 
therefore,  that  this  flood  came  mainly  from  the  .MIegheny  River  and  that  its  magnitude, 
compared  with  other  great  floods,  decreased  as  it  traveled  downstream. 


18 


DESTRUCTIVE    FLOODS    IN    UNITED    8TATE3   IN   1905. 


The  following  table  gives  the  date  of  occurrence  and  daily  rate  of  flow  of  the  Ohio  at 
Wheeling  during  the  large  floods  from  1884  to  1905: 

Flood  flow  of  Ohio  River  at  Wheeling,  W.  Va.,  1884-1906. 
[Danger  line,  3('>  feet;  drainage  area,  23,800  square  miles.] 


Year. 


vm 


Date. 


I  h^\^ 


^^    luschun^,  I 


_i 


1885 


1887 


1891 


18ft3 


Februarys,, 
Kphruary  fi. , 
February  .T.- 
February 8.. 
February  9. . 
Februar>'  10. 
February  11. 
January  17.. 
January  18.. 
January  19.. 

April  1 

April  2 

Aprils 

April  6 

April  7 

April  8 

April  9 

Februarys.. 
February  9.. 
February  10. 
February  11. 
February  12. 
February  13. 
February  14. 
August  22. . . 
August  2:t... 
August  24. .. 
March  2:^... 
March  24.... 

March  25 

March  2(i 

January  3... 
January  4. . . 
January  .•)... 
Ffbrnary  17. 
February  IS. 
Fel)ruary  19. 
February  20. 
Ft'bruary  21. 
Fol)niary  22. 
Ffl)ruary  7. . 
Fol)ruary  8.. 
F«*bruary  9. . 
February  10. 
Februarj-  11. 
February  12. 
February  13. 
May  18 


33,0 
3S.D 
53.1 
46.5 
41.3 
36.0 
32.0 
26.0 
32.8 
27.8 
23.8 
31.0 
28.0 
22.0 
31.3 
32.0 
27.0 
25.0 
30.9 
30.6 
29.4 
29.8 
33.8 
29.8 
1G.3 
32.2 
25.0 
26.9 
32.5 
30.4 
21.8 
29.4 
32.9 
26.8 
25.0 
40.0 
44.6 
40.5 
34.5 
29.8 
20.9 
31.6 
32. 0 
28.0 
28.9 
32.1 
27.0 
23.8 


IS&,  lt» 

30p,800 
494,200 
410,400 
347,800 
287,500 
244,300 
183,500 
252,800 
201,200 
162,000 
233,800 
203,200 
146,000 
237,000 
244,300 
193,300 
173,900 
232,800 
229,700 
217,400 
221,500 
263,500 
221,500 
97.000 
246,400 
179,700 
192,300 
249.  (iOO 
227.600 
144,200 
217,400 
253,800 
191,300 
173,900 
3;i2. 700 
387.200 
;ii8. 500 
271.000 
221.500 
136.200 
240. 100 
244,300 
203,200 
212,300 
245.400 
193,300 
162.600 


I 


Year. 


I 


DHt«, 


1895 


1897 


1900 
1901 


1902 


1JI03 


1904 


Ma^lfl , 

May  30 

J»tiUar3-  a.** 
January  B... 
January  10. . , 
January  11... 
February  23. 
February  24. 
February  25. 
February  26. 
March  22.... 

March  23 

March  24.... 

March  25 

March  26.... 

March  27 

February  10. 

April  20 

April  21 

April  22 

April  23 

April  24 

Deccmlwr  17. 

March  1 

March  2 

March  3 

March  4 

March  5 

April  11 

March  1 

March  2 

March  3 

January  Z\.. 
January  24.., 
January  25. . , 
January  2<»... 

March  8 

March  9 

March  10 

March  11 

April  3 

March  11 

March  21 

March  22 

March  23 

March  24 

March  25 


I 


I>tKh»rgf.        ; 

Fett. 

Se€.-^td.       m 

31.5 

23»,nKl      1 

29.5 

2ia4» 

\ 

28.8 

211.300 

36.0 

287,500 

^ 

30.7 

230,700       \ 

26.0 

183,500       * 
124,000       ] 

19.5 

35.3 

279.80O 

37.0 

298,60© 

27.0 

103,30^ 

25.6 

iT9,r^ 

35.4 

280,1|P^ 

a43.Q 

378,7^ 

42.0 

366, 7C^ 

37.0 

208,eC^^ 

29.0 

722,90^ 

25.0 

173,90^^ 

23.8 

162,60^^ 

37.0 

298,60^^ 

•  41.3 

347, 80C^ 

37.0 

298,  eoc:^ 

32.2 

246, 40C^ 

33.9 

254,90Cr 

28.8 

211,309 

42.0 

356,009 

42.0 

356.009 

37.9 

306,700 

30.0 

223,500 

32.9 

253,800 

28.6 

209,300 

30.7 

329,200 

37.3 

308.000 

34.2 

267.800 

43.9 

378,700 

41.0 

344,300 

31.5 

239.000 

28.4 

207,200 

36.3 

290,800 

29.3 

216,400 

22.3 

148.800 

33.0 

264,600 

27.7 

200,200 

30.7 

329.200 

42.3 

350.600 

41.8 

353,700 

34.0 

265,600 

36.2 

186.600 

o  Probable  mean  for  day.    Maximum,  54  feet. 


OHIO   BIVER. 
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Tbe  lai^gest  flood  at  this  place  during  the  twenty-two  years  covered  by  the  table  occurred 
Q  Febniary,  1884.  On  February  7  the  maximum  stage  was  54  feet,  the  mean  stage  for 
be  day  about  53.1  feet,  and  the  rate  of  flow  494,200  second-feet,  or  20.8  feet  per  square  mile, 
•oring  this  flood  the  river  rose  10.8  feet  higher,  had  a  rate  of  flow  134,600  second-feet 
eater,  and  was  of  two  days'  longer  duration  than  during  the  freshet  of  March,  1905. 
cond  in  rate  of  flow  was  the  flood  of  February,  1891,  when  the  stage  at  8  a.  m.  on  the  19th 
8  44.6  feet,  and  the  greatest  daily  rate  of  flow  was  387,200  second-feet.  Third  in  magni- 
ie  was  the  flood  of  March,  1898;  fourth,  that  of  January,  1904;  and  fifth,  that  of  March, 
tt. 

Ul  the  large  floods  occurred  during  the  spring  or  winter  months  and  were  due  to  rapid 
ItiDg  of  snow.  The  largest  summer  flood  was  in  August,  1888.  The  maximum  stage 
1 32.2  feet  and  the  rate  of  flow  was  246,400  secx)nd-feet.  That  is  about  0.6  the  rate  of  the 
uinum  spring  flood. 

lie  river  stood  above  the  danger  line  for  four  days,  from  the  6th  to  the  9th,  inclusive, 
ing  the  flood  of  1884,  and  for  three  days,  March  21  to  23,  during  the  flood  of  1905. 
Tie  total  flow  for  the  four  days  comprising  February  6-9,  1884,  less  the  total  flow  for 
le  days  at  the  danger  line  (36  feet)  is  about  802,100  acre-feet.  The  total  flow  for  the 
9e  days  comprising  March  21-23,  1905,  when  this  stream  was  above  the  danger  line, 
the  total  flow  for  the  same  period  at  the  danger  line,  is  about  357,000  acre-feet.  These 
ires  show  approximately  the  storage  necessary  to  prevent  this  stream  from  passing  the 
iger  line  at  this  place  during  floods. 

lie  following  table  gives  the  highest  stage  each  year,  from  1860  to  1905,  at  Cincinnati, 
b,  for  the  years  that  the  river  rose  above  50  feet  on  the  gage: 

Flood  stages  of  Ohio  River  at  Cincinnati,  Ohio. 
[Danger  line,  50  feet  of  gage;  lowest  stage,  1.9,  September  17-19, 1881.] 


Date. 


Stage. 


Year.! 

i— i- 


I  Feet. 

February  18 |  64.3 

December  17 :  63.6 

January  24 57.3 

Maich7 56.3 

March  14 '  55.8 

January  19 55l3 

August  6 1  55.3 

January  29 |  51.8 

January  20 53.8 


1880. 
1821. 1 
1882.' 
1883. 1 
1884. 
1886. 
1887.; 
1890.1 
1891. i 


Date. 


'  Stage.    Year. 


I 


Feet. 

February  17 '  53.2 

February  16 50.6 

February  21 58. 6 

February  15 66.3 

February  14 '  71.1 

April  9 55.8 

Februarys 56.3 

March  26 59.2 

February  25 57.3 


Date. 


1893. 
1897. 
1898. 
1899.1 
1901.' 
1902.1 
1903.' 
1905 


|. 


February  20 
February  26 

March  29 

March  8 

April  27 

March  5 

March  5 

March  13 


Stage. 

Feet. 
54.9 
61.2 
61.4 
57.2 
50.7 
50.9 
52.3 
48.3 


n  these  forty-six  years  the  river  at  this  place  rose  above  50  feet  on  the  gage  twenty- 
»  times.  It  has  been  at  stages  from  0.7  to  0.8  of  the  maximum  stage  fifteen  times; 
itages  from  0.8  to  0.9  of  the  maximum  stage  six  times;  and  at  stages  from  0.9  to  1  of 
maximum  stage  twice.  In  the  seventy-four  years,  from  1832  to  1905  there  have 
Q  three  floods,  reaching  stages  from  0.9  to  1  of  the  maximum  stage. 
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FLOOD  ON  GRAND  RIVBR,  MICHIGAN. 

This  flood,  although  not  so  lai^e  as  that  of  March,  1904,  was  probably  the  largest  sum 
flood  recorded  in  the  history  of  this  stream.  The  following  table,  taken  from  the  Un 
States  Monthly  Weather  Review  for  June,  1905,  gives  the  precipitation  for  May  and 
June  1  to  June  6  at  ten  places  in  this  drainage  basin: 

Precipitation  in  the  basin  of  Grand  River  and  its  tribiUaries  in  May  and  June^  1905,  in  im 


River. 

May. 

June. 

3Ut[on. 

Amount. 

Pepnj^ 
turn  from 
normiO. 

1. 

a. 

*, 

4. 

£. 

1 

J^dsan . , . 

Orattd. .-„*.*, 

6.13 

+2.01 

D.03 

Q 

0 
0 

Tr 
0 
0 
0 

0 

a  24 
0 

0 
Q 

D 
0 

aag 

an 

aoi 

2,15 
a,  40 
1.13 
0.45 

0.311 
2.  IS 

a79 

Fitch  burg.^...... 

WHihprvlJlt! 

Odfcr.... ...... 

xia^ 

^    .do 

era 

Agrloult  ural 
Lanalixg 

do 

Grand 

Looking  trlBM.. 

Thomapplp..., 
do 

+UM 
+2.37 

492 

^, 

8t*  Johna. .„„.... 

3L0O 

Ch*irloitff„..  .  .  , 

llflflUnga  _._..._ 

+3.22 

H 

0 

0 

tkm 

0.d0 

3.09 

lonIfl„_ 

Q  rand  .-.*,,..* 

Grand  KuptdH 

do „.. 

&.9J 

+2.4* 

0 

a» 

0 

D.% 

1.30 

a^M 

Avemgi^ 

^4S 

+2136 

Tr 

am 

0.(B 

€L3Z 

LCH 

iTT 

The  rainfall  for  May  exceeded  the  normal  by  2.36  inches,  so  that  the  ground  was  fu 
nearly  so  at  the  time  of  this  flood.  From  the  4th  to  6th  of  June  5.13  inches  of  rain 
of  this  amount  75  per  cent  fell  on  the  6th. 

The  following  table  gives  the  daily  gage  height  at  Grand  Rapids,  Mich.,  from  June 
June  17,  and  the  daily  gage  height  and  corresponding  discharge  at  this  place  during 
flood  of  March,  1904: 

Flood  fow  of  Grand  Rii^r  at  Grand  Rapids,  Mich.,  in  1904.  and  1906. 

[Drainage  area,  4,900  .square  miles.] 


Year. 


190^ 


Date. 


ioig?u.r^*«^'»^*'e^'^'^^'! 


Ffct.   I    Sec. -feet. 


Date. 


March  20. 
Marcli  '->1 . 
March  22. 
March  23. 
March  24. 
March  25. 
March  2<>. 
March  25. 
March  28. 
March  20. 
March  30. 
March  31., 
April  1..., 
April  2..., 
April  3..., 
April  4..., 
April  5 


9.20  1 

l(i,  700 

9.30 

17,000 

10.  ()5  ' 

19.500 

11.45 

21.400 

15.  (iO 

30.  ;joo 

18.09  . 

35.800  ' 

19.  05 

37.800  1 

19.75 

39.  400 

19.  3(i 

3S.500  ■ 

18  22 

3<i.000  ' 

1G.77 

32.900  ; 

15  40 

29.900  ! 

14.45 

27.800  1 

13  80 

2ti,eoo  1 

13.80 

20.600 

13.80 

20,600 

12.80  1 

24.500  1 

April  fi 

April  7 

.\pril8 

Juno  5 

June  it 

June  7 

.Iuno8..     . 

.June  9 

June  10 

Juno  11 

June  12 

June  13.. 

June  14 

June  15 

June  10 

June  17 

Gage 
height. 


Feet, 
11.20 
10.50 
9.55 
2.65 
10.  G 
14.2 
l&l 
18.4 
17.7 
16.5 
15.3 
13.8 
12.5 
11.2 
9.0 

a; 


Diseh 
Src- 

: 
1 
1 

1 

4 
4 
4 
4 

2 
2 
2 

1 
1 
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This  stream  rose  rapidly  on  June  6,  and  reached  a  maximum  of  18.4  feet  on  June  9. 
Hub  flood,  coini>ared  with  that  of  March,  1904,  was  of  shorter  duration,  more  rapid  rise 
;  md  fall,  and  was  1.3  feet  lower. 

TIm  lower  part  of  the  city  of  Grand  Rapids  was  flooded.  The  damage  done  was  small, 
compared  with  that  of  the  flood  of  1904,  the  difference  in  this  respect  being  due  largely 
to  the  timely  warning  of  the  height  and  progress  of  the  flood  given  by  the  United  States 
Wealher  Bureau. 

The  Muskegon  and  other  streams  in  western  Michigan  were  bank  full,  and  in  places 
orerflowed  lowlands  and  injured  dams  and  bridges.  Numerous  washouts  occurred  on  the 
nilroads  in  western  Michigan.  The  Pere  Marquette  reported  thirty,  some  of  them  200 
feetloug. 

Hie  streams  in  eastern  Wisconsin,  especially  the  Fond  du  Lac,  were  out  of  their  banks 
ai  a  result  of  the  storm  of  June  6.  A  portion  of  Fond  du  Lac  was  flooded.  Some  washouts 
were  r^wrted  on  the  Wisconsin  Central  and  five  on  the  Chicago  and  Northwestern. 

The  Sheboygan  River  was  out  of  its  banks  at  Sheboygan  Falls,  and  caused  damage  in 
the  low  part  of  the  town,  and  the  Chippewa  River  overflowed  at  Eau  Claire. 

FLOOD  IN  EASTERN  MISSOURL 

Heavy  rains  in  Missouri  and  southern  Illinois  from  September  15  to  September  19  caused 
the  Missouri  River  from  Boonville  to  Hermann,  Mo.,  to  rise  above  the  danger  line,  and 
nme  of  the  smaller  streams  of  Missouri  to  be  in  destructive  flood.  The  flood  was  remark- 
able for  the  time  of  year  of  its  occurrence  and  the  rapidity  of  its  rise.  The  rain  causing 
the  flood  occurred  from  the  15th  to  the  19th,  but  the  larger  part  fell  on  the  17th.  At 
BpoQviile,  Mo.,  12.98  inches  fell  from  the  15th  to  the  19th.  At  Chester,  111.,  8.06  inches  fell 
in  20.5  hours. 

The  streams  rose  very  rapidly  on  the  17th.  The  following  table  gives  the  daily  gage 
beight  of  Meramec  River  at  Meramec,  the  daily  gage  height  and  discharge  of  Meramec 
River  at  Eureka,  Mo.,  and  the  gage  height  of  the  Gasconade  River  at  Arlington,  Mo., 
^ring  this  flood. 

Flood  jlow  of  Meramec  and  Gasconade  rivers  during  food  of  September,  1905. 


,  Gaitcon- 
:ade  River 
Arling- 
ton. Mo. 


Feet. 

8iptemberl6 '  2,7 

fleptemberlT 7.0 

fl^mberlS '  a2 

8epieinberl9 j  7.8 

Sefktember  20 '  6.0 

fle^mber2I 5.6 

September  22 '  6.1 

fleplember23 '  A  A 

SBpcember24 '  4.2 

fcptember25 3.9 

September  2« I  3. 7 


height. 

Discharge. 

Oaee 
height. 

Feet. 

Sec-feet. 

Feet. 

4.9 

2,180 

3.95 

18  4 

2.t.840 

13.8 

20.9 

28,030 

12.5 

24.5 

37,»>40 

16.5 

29.7 

51,160 

13.fi 

28.5 

48.040 

14  0 

24.5 

37,640 

10.4 

13.5 

14,040 

7.4 

7.4 

4.950 

6.3 

6.6 

4,030 

6.8 

5.9 

J.  280 

6.8 
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Gasconade  River  rises  in  the  southeastern  part  of  Missouri,  flows  in  a  general  i 
easterly  direction,  and  empties  into  the  Missouri  River  about  6  miles  west  of  Hen 
Mo.  It  is  a  very  crooked  stream,  with  little  fall.  The  basin  is  mainly  hilly  or  rolling 
cultivated  or  grass  covered.  The  area  of  this  basin  above  the  gaging  statioa  ftt  Aril 
is  2,725  square  miles. 

Meramec  River  rises  in  the  eastern  part  of  Missouri,  flows  in  a  general  nortbea 
direction,  and  empties  into  the  Mississippi  about  22  miles  below  St.  Louis.  %e  dn 
basin  is  hilly  or  rolling,  cultivated  or  grass-covered  land,  and  comprises  an  «f«a  of 
square  miles.    The  area  above  the  gaging  station  at  Eureka  is  3,497  square' ikiiles. 

The  maximum  daily  rate  of  the  Meramec  at  Eureka  during  this  flood  was  51,160  se 
feet,  or  about  14.63  second-feet  per  square  mile. 

During  the  flood  of  January,  1897,  the  Gasconade  at  Arlington  reached  a  stage  of 
feet — that  is,  a  stage  nearly  twice  as  high  as  that  reached  by  it  during  the  flood  of  W 
'  The  following  table  shows  the  daily  gage  heights  at  four  United  States  Weather  E 
stations — Boonville,  Hermann,  Grafton,  and  St.  Louis — two  on  Missouri  River,  an 
on  Mississippi  River.  Boonville  is  199  miles  above  the  mouth  of  the  Missouri;  Hei 
is  103  miles  above  the  mouth;  Grafton  is  on  the  Mississippi  about  21  miles  abo^ 
mouth  of  the  Missouri,  and  St.  Louis  is  about  the  same  distance  below. 

Stages  of  Missouri  River  during  Jlood  of  September,  1906. 


Date. 


September  15. 
September  16. 
September  17. 
September  18. 
Septemlwr  19. 
8epteml)er20. 
Septcmlwr  21 . 
Sopteml»er22. 
Sopteml>cr23. 


Missouri  River. 

Mississippi  Ri 

Boonville, 
Mo.a 

Hermann, 
Uo.h 

Qrafton.   j  St. : 
Mo.c      I       }i 

Feet. 

Feet. 

Feel. 

/ 

a.8 

9.7 

B.2 

lae 

11.2 

8.2 

16.9 

20.7 

8.8 

21.3 

24.3 

11.0 

21.6 

25.4 

13.6 

22.0 

25.4 

15.6 

21.3 

24.6 

16.4 

19.5 

23.3 

16.2 

17.9 

21.6 

15.2 

oLowost  rocordod  stago,  -O.C(<»et. 
b  Lowest  rL-corded  Hta^,  0.0  fi«t. 
f  Lowest  recorded  stage,  -0.3  foetl 
rf  Lowest  recorded  stage,  —2.5  feet. 

Some  lowland  along;  Missouri  River  was  flooded  and  crops  were  damaged.  Sev« 
the  smaller  streams  overflowed  their  banks,  washed  away  some  of  the  smaller  b 
and  interfered  with  railway  traffic  for  at^veral  days. 

FLOODS  IN  SOUTH  DAKOTA. 

Freshets  occurred  on  some  of  the  streams  of  South  Dakota  in  June,  July,  and  A 
The  damage  done  was  confined  mainly  to  the  Teton  or  Bad  River  in  the  vicinity  c 
Pierce.  Heavy  rain  on  July  2  and  3  caused  this  river  to  overflow  its  banks  in  a  floe 
swept  away  17  houses  and  drowned  7  persons.  There  is  no  gaging  station  on  this  i 
and  the  United  States  Weather  Bureau  gage  at  Pierce  was  carried  away  by  the  fl( 
that  records  of  river  stage  and  rate  of  flow  are  not  available  for  points  in  the  eastei 
of  the  State.  There  are  several  gaging  stations  in  the  western  part  of  South  Dakotc 
ever,  and  data  obtained  there  show  magnitude  of  the  floods  in  that  part  of  the  Stat 
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oHowmg  table  gives  the  gage  heights  during  these  freshets  at  gaging  stations  on  the 
le  at  Edgemont,  the  White  at  Interior,  the  Moreau  at  Bixby,  and  the  Grand  at 
nd  also  the  daily  rate  of  flow  at  E^dgemont: 

d/g^  mid  fiow  of  sbreavM  of  South  Dakota  during  freshets  of  June- August,  1906. 


Date. 

Cbeyenne 
Edgei 

River  at 
nont. 

Discharge. 

Sec-feet. 

White 
River  at 
Interior. 

Gage 
height.^ 

Feet. 
4.2 
16.0 
6.0 

Moreaii 
River  at 
Bixby. 

Grand 

River  at 

Seim. 

hei|St.« 

Gage 
height.* 

Feet. 
3.0 
6.75 
6.40 
4.8 

•      1.7 
2.1 
6.1 
5.3 

Gage 
height.^ 

Feet. 
5.45 

Feet. 

3.6 

9.65              9,175 
4.4    1            1,850 

4.0 

4.9 

4.6 

2.7    1               345 
9.  as              8,665 
5.80              3,460 

3.75 
9.20 
13.50 
10.10 
8.3 
2.35 
4.a5 
2.95 
4.25 
9.50 
7.00 
6.30 
3.35 
3.05 
2.8.5 
2.  15 
5.20 
5.15 

2.2 

2.2 

4.0 

3.6 

2.1    1                 75 
7.7                 6.280 

3.3 

3.1 

2.15 

2.25 

1.9 

1.8 

1.75 

1.5 

1.5 

1.5 

1.4 

1.4 

1.6 

2.6 

2.8 

5.9 
6.0 
1017 
9.7 
6.0 
2.95 

3,. 595 
3,730 
10,960 
9,260 
3,730 
562 

2.9 

2.1 

2.6 

2.4 

2.1 

2.1 

7.95              6,842 
4.0                1,420 
5. 0     f            2. 440 

2.0 

1.9 

1      

1.8 

2 

8.4 
5.8 

7,420 
3,4G0 

1.8 

3 

1.8 

a  Lowest  reading,  1.4. 

k  Lowest  reading,  1.6. 

c  Lowest  reading.  1.0;  discharge,  0. 

'Lowest  reading.  1.5. 

four  streams  drain  the  western  half  of  South  Dakota,  flow  in  a  general  easterly 
1,  and  empty  into  Missouri  River.  Seim  is  about  90  miles  from  the  western  l)oun- 
the  State,  Bixby  72  miles,  Edgemont  11  miles,  and  Interior  100  miles.  The  drain- 
,  above  Edgemont  is  7,350  square  miles;  alx)ve  Bixby,  1,600  square  miles. 
e  table  shows,  there  were  six  freshets  on  the  Cheyenne  during  the  year — one  in 
ree  in  July,  and  two  in  August,  the  largest  of  the  six  being  the  fourth,  during  which 
f  rate  of  discharge  was  10,960  second-feet,  or  about  1.5  second-feet  per  square  mile 
age  above  station.  These  floods  were  of  short  duration,  the  high  water  lasting 
by. 

g  only  three  of  these  six  flood  periods  did  the  flow  of  White  River  at  Interior  rise 
an  5  feet  above  low  water.  The  flood  of  June  was  the  largest  of  the  three  on  the 
he  stage  on  the  18th  being  about  14.5  feet  above  low  water. 

e  these  flood  periods  the  stage  of  the  two  streams  in  the  northwestern  part  of  the 
he  Moreau  and  the  Grand — was  less  than  6  feet  above  low-water. 
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FLOOD  IN  SOUTHEASTERN  MINNESOTA. 

Heavy  rains  in  Minnesota  from  July  3  to  July  6  caused  the  upper  Mississippi  to  reach  a  ; 
stage  of  14.8  feet  at  St.  Paul,  Minn.,  the  highest  since  1897.    The  flood  of  April,  1881, 
reached  a  stage  of  19.7  feet. 

The  following  table  gives  the  daily  gage  heights  of  the  Mississippi  River  at  Sauk  Rapid^ 
Minn.,  during  the  freshet;  also  the  gage  height  and  rate  of  flow  of  two  of  the  tributarioi^ 
the  Minnesota,  which  enters  from  the  west  at  St.  Paul,  and  the  Chippewa,  which  enten 
from  the  north  70  miles  below  St.  Paul: 

Flow  of  upper  Mississippi  River  and  tributaries  during  (hefretket  ifJuly^  1905. 


Date. 


Julys.. 
July  6.. 
July?.. 
JulySu. 
July  9. . 
July  10. 
July  11. 
July  12. 


Chippewa  River  at 

Minnesota  River  at 

Eau^li 

Giue 
height. 

Lire,  Wls.a 

Mankal 

.o,  Minn.b 
Discharge. 

Discharge. 

Oage 
height. 

Feet. 

Sec-feet, 

Feet. 

See. -feet. 

6.9 

8,390 

9.4 

9,400 

ia4 

18,960 

ia6 

11,310 

lae 

19,640 

11.7 

13,070 

11.3 

22,050 

12.2 

13,870 

lai 

17,940 

12.5 

14,350 

7.0 

8,650 

12.0 

13,550 

ai 

11,740 

11.8 

13,230 

6.9 

8,390 

11.2 

12,270 

Mississippi 
River  at 

Sauk 
Raplds.c 

Gace 
height. 


Feet. 


18.8 
19.8 
2ai 

aas 
2ai 

19.  f 
19.2 
IK  6 


a  Lowest  stage  during  1905.  4.1  feet;  discharge.  2,010  second-feet. 
b  Lowest  stage  during  1905, 1.80  feet;  discharge,  750  second-feet. 
e  Lowest  stage  during  1905,  11.25  feet. 

The  Chippewa  at  Eau  Claire  reached  a  stage  of  19.6  feet  and  a  discharge  of  60,520  second- 
feet  on  June  8,  19()5,  and  the  Minnesota  at  Mankato,  Minn.,  reached  a  stage  of  19.6  feet  on 
May  29, 1903,  so  that  the  greatest  stage  reached  by  the  flood  of  July,  1905,  on  these  streams 
was  far  below  the  highest  recorded  stages  at  these  places. 

FLOOD  ON  DEVILS  CREEK,  IOWA. 

By  E.  C.  Murphy  and  F.  W.  Uanna. 

INTUOnUCTIOX. 

Loe  County,  in  southeastern  Iowa,  and  Hancock  County,  in  western' Illinois,  w^iich 
borders  Ix»e  County  on  the  east,  were  visited  by  a  very  heavy  rain  storm  during  the  night 
of  June  9,  1905.  As  a  result  of  this  storm  the  streams  in  these  counties  rose  to  extraordi- 
nary heights,  causing  great  damage  to  property.  Railroads,  highways,  and  bridges  were 
severely  injured,  stream  Ix'ds  and  banks  were  badly  scoured  in  many  places,  and  debris 
was  transported  and  deposited  throughout  the  creek  valleys,  destroying  crops  and  damaging 
many  acres  of  valuable  land. 

The  data  on  which  this  report  is  based  were  obtained  by  investigating  the  conditions  on 
the  ground  about  one  month  after  tlie  flood,  through  facilities  alTorded  by  the  courtesy  of 
the  engineers  of  the  Santa  Fe  Railway.  Owing  to  the  lapse  of  time  between  the  storm  and 
the  examination  of  its  results  the  information  obtained  Ls  necessarily  incomplete. 

The  area  affected  by  this  storm  is  in  the  central  Mississippi  drainage  ImisIo.  Devils 
Creek,  the  stream  on  which  most  of  the  damage  was  done,  drains  directly  into  the  Misais- 
sippi  a  few  miles  l>elow  Fort  Madison,  Iowa.  It  rises  in  Marion  and  Cedar  townships  and 
flows  in  a  general  southeasterly  direction  for  about  20  miles.     Panther  Creek,  the  largest 
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m  tributary  of  Devils  Creek,  rises  in  the  southern  part  of  Franklin  township,  flows 
eneral  aoutheasteriy  direction  about  8  miles,  and  joins  the  main  stream  about  3  miles 
i  its  mouth.  It  drains  an  area  of  14  square  miles.  The  principal  tributary  of  Devils 
is  Little  Devils  Creek,  which  enters  it  about  1  mile  below  the  junction  of  Devils  and 
ler  creeks.  It  is  7  miles  long  and  drains  an  area  of  19  square  miles.  The  drainage 
vf  Devils  Creek  and  that  of  the  lower  part  of  each  of  these  two  tributaries  consists  of 
aly  sandy  soil  that  erodes  readily.     The  upper  drainage  area  is  covered  with  heavy 


Fio.  &— Map  of  drainage  basin  ol  Devils  Creek.  Iowa. 

mL  There  is  little  timber  In  the  basin  except  narrow  strips  in  places  along  the  creeks, 
otal  dramage  area  of  Devils  Creek  and  its  branches  at  its  mouMi  is  al^out  145  square 
,  while  that  at  the  Santa  Fc  Railway  bridge  is  about  143  square  miles. 


I'RIXIIMTATION. 

i  storm  causing  the  damage  here  discussed  is  described  in  the  June  issue  of  the  Monthly 
fw  of  the  Iowa  Weather  and  Crop  Service,  as  follows. 

Me  alierooon  and  night  of  June  u  and  morntng  of  the  lOth  copious  showers  visited  all  districts, 
I  a  conAiderahie  portion  of  tno  .southeast  and  ca-st-ccnirai  distiict.)  the  downpour  can  only  be 
twd  by  me  term  "torrential."    The  heaviest  amoimtts  reported  at  stations  m  the  submerged 
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section  were  afl  follows:  BonaiMtrte,  12.10  Inches;  Keosaoqo*,  lliW;  Stcokpoit,  10.63  (tLieecoGpenUvv 
stations  in  Van  Buren  County);  Mount  Pleasant,  7.20;  Burlington,  6.10;  Fort  Madison,  6.40;  Keokok; 
4.80;  Chariton.  4.22;  Albia.  3.44;  Iowa  City.  4.87;  Amana,  3.66;  Davenport.  6.67;  Wilton.  4.17;  hB 
Claire.  4.41  inches.  The  larger  part  of  this  heavy  precipitation  fell  in  the  twelve  hours  from  8J0  p.  m- 
of  the  9th  to  8.30  a.  ra.  of  the  10th,  and  in  Bonaparte  the  average  downpour  was  about  an  inch  an  hoar. 
The  result  of  such  a  shower  may  bo  imagined  but  can  not  }ie  fully  described  In  detail.  Not  many  build- 
ings were  sufllciently  well  roofed  to  keep  the  occupants  dry,  and  but  few  streams  and  water  coiuaM 
were  adequate  to  carry  off  the  surplus  moisture.  Those  who  were  driven  into  the  wet  say  it  came  doim 
in  sheets  and  hit  so  hard  it  was  difficult  to  stand,  though  then  was  no  wind.  One  of  the  Van  Boieo 
County  reporters  states  that  85  county  bridges  were  swept  away.  The  aggregate  damage  to  crops  by 
erosion  of  soil  on  slopes  and  flooding  the  bottoms  was  altogether  beyond  estimation  In  all  the  area  sirapC 
over  by  that  unprecedented  storm.    Happily  such  storms  are  not  usual  visitations. 

The  foUowing  table,  prepared  from  data  furnished  by  the  United  States  Weather  BureMi, 
shows  the  depth  of  rainfall  in  inches  at  several  surrounding  places  in  Iowa  and  Illinois: 

Preeipiiatwn  at  places  in  soufheaglem  louxif  June  .9,  iO,  and  during  June,  1905,  in  tndUi.    ; 


Place. 


Davenport,  Iowa 
Dubuque,  Iowa. . 

Hannibal,  Mo 

Keokuk,  Iowa... 
Lallarpe,  HI.... 


June©.     June  10.    ''^jj|^ 


3.03 

i.ao 

.17 

2.18 

.00 


1.60 

.38 

1.05 

2.62 

ia25 


7.« 
iS 
2.71 
ft.  17 
11« 


TIIE  FL.OOD. 

Devils  Crock  at  the  Santa  Fe  Railway  bridge  began  to  rise  about  10  p.  m.  and  continued 
to  rise  gradually  until  about  12.30  a.  ro.,  when,  according  to  the  report  of  the  bridge  watch- 
man, it  rose  about  4  feet  in  fifteen  minutes.  The  bridge  and  about  150  feet  of  the  ri^ 
embankment  wont  out  about  4  a.  m.,  when  the  water  reached  its  maximimi  height,  17.7 
feet  above  low  wat<;r.  This  bridge  was  a  Pratt  truss  bridge  of  149-foot  span,  resting  oo 
masonry  piers,  with  54  foot  of  pile  approach  on  the  right  side  and  109  feet  on  the  left.  Rg. 
6  shows  a  plan  of  this  stream  in  the  vicinity  of  the  bridge;  also  a  cross  section  and  profik 
taken  Juno  24,  1905,  fourteen  days  after  the  flood.  The  waterway  below  the  high-water 
line  of  June  10  had  an  area  of  4,320  square  feet  before  the  flood  and  about  13,000  square 
feet  after  the  flood.  Thus  it  seems  that  the  scouring  ofTect  at  this  bridge  increased  the 
wat^jrway  to  three  times  its  original  size. 

Th(^  daily  gage  heights  and  corresponding  discharges  at  the  United  States  Geologicsl 
Survey  gaging  station  on  Des  Moines  River  at  Keosauqua,  Iowa,  from  June  9  to  14,  inclusive, 
were  as  follows : 


Gage  heights  ami  discharge  of  Des  Moines  Rh^er  at  Keosauqua,  Iowa,  June  9-14' 


Date. 

Gage 
beight. 

Diachaigc. 

June  9 

June  10 

Feet. 
4.0 
22.8 
14.4 

Sec.'feet. 
8,560 
75,7811 

June  11 

44,  on? 

30,A19 
21,409 
13,250 

June  12 

10  6 

June  l.H 

8.1 
5.6 

June  14 
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The  table  shows  that  the  river  at  Eeosauqua  station  rose  from  4  feet  on  the  9th  to  22^ 
feet  on  the  10th,  a  total  rise  of  18.8  feet.  T>es  Moines  River  at  Des  Moines  rose  on  the  10th 
about  1  foot.  Iowa  River  at  Iowa  City  rose  from  2.2  to  7.7  feet  on  the  10th.  lliere  was 
no  rise  on  the  10th  either  in  Cedar  River  at  Cedar  Rapids,  Iowa,  br  in  Rock  River  at  Ster- 
ling, 111.  Skunk  River  is  reported  to  have  been  very  high,  but  there  is  no  record  of  the 
amount  of  rise.  Mississippi  River  at  Fort  Madison,  Iowa,  rose  from  8  feet  on  the  evening 
of  the  9th  to  11  feet  on  the  morning  of  the  10th.  The  gage  on  the  Mississippi  River  tt 
Keokuk,  Iowa,  read  18.4  feet  at  2  p.  m.  on  the  10th.  The  maximum  stage  here  in  1888 
was  19.95  feet,  the  maximum  in  1903  was  19.6  feet,  and  the  maximum  during  the  great 
flood  of  1851  was  21.05  feet. 

The  high-water  marks  on  Devils  Creek  show  that  the  height  of  the  flood  add  the  flow 
were  much  gn>ater  on  this  creek  than  on  either  Panther  or  Little  Devils  Creek.  TTie  max- 
imum rate  of  flow  of  this  stream  during  this  flood  is  very  difficult  to  compute  because  it 
overflowed  its  banks  and  was  from  a  quarter  to  a  half  a  mile  in  width,  except  at  some  of 
the  bridges.  At  the  Santa  Fe  bridge  Devils  Creek  was  ultimately  about  470  feet  wide, 
but  the  stream  l)ed  was  so  much  scoured  that  the  cross  section  affords  no  basis  for  deter- 
mining the  size  of  the  stream  when  the  flow  was  at  its  maximum.  Mr.  Gray,  the  Santa  Fe 
engineer  in  chai^  of  the  construction  work  at  this  bridge  at  the  time  of  the  flood, 
believes  that  the  stream  bed,  which  is  of  sand,  scoured  down  to  the  clay  previous  to  the 
time  the  bridge  failed.  The  high-water  marks  above  and  below  this  bridge  indicate  a 
slope  of  0.0025.  The  coefficient  of  roughness  has  been  assumed  to  be  0.050.  This  hi^ 
coefficient  of  roughness  is  necessary,  owing  to  the  many  obstructions  in  the  stream  at  the 
bridge.  The  channel  is  extremely  crooked  and  the  banks  are  covered  with  trees  imme- 
diately above  the  bridge.  The  amount  of  pier  and  piling  at  the  bridge  was  great,  there 
being,  in  addition  to  the  two  piers  on  which  the  iron  truss  was  supported,  54  feet  of  pile 
approach  on  one  side  and  109  feet  on  the  other  .a  Undoubtedly  immense  amounts  of  drift 
were  collected  in  and  al>out  those  piers  and  piles.  In  addition  to  this  there  must  be  taken 
into  consideration  the  effect  of  constriction  of  channel,  for  the  stream  immediately 
above  the  bridge  was  two  or  throe  times  as  wide  as  at  the  bridge.  The  hydraulic  mean 
depth  has  boon  roughly  computed  from  the  maximum  are*  to  be  27.3  feet.  From  these 
data  and  the  use  of  Kiittor's  formula,  c  being  56,  v  is  found  to  be  14.6  feet  per  second;  and 
the  maximum  rate  of  discharge  is  approximately  189,800  second-feet  computed  from  the 
maximum  oross-soction  area.  Inasmuch  as  the  drainage  area  of  Devils  Creek  at  the  Santa 
Fe  bridge  is  143  square  miles,  this  gives  an  approximate  maximum  run-off  of  1,300  seoond- 
foet  per  square  mile. 

In  order  to  verify  this  computation,  an  attempt  has  been  made  to  compute,  by  means 
of  Kutter's  formula,  the  flow  of  the  tributaries  of  Devils  Creek.  Considerable  care  has 
been  exorcised  in  selecting  the  proper  coefficients  of  roughness  and  although  at  first  they 
may  seem  somewhat  large,  yet  an  investigation  of  the  conditions  at  the  cross  sections  will 
show  that  they  are  proper  From  data  obtained  at  the  Cliicago,  Burlington  and  Quincy 
Railway  erassing  on  Devils  C>eek  the  maximum  rate  of  discharge  was  found  to  be  161,600 
second-feet,  with  a  slope  of  0.005  and  a  coefficient  of  roughness  of  0.050;  that  at  the  crossing 
on  the  same  line  on  Little  Devils  Crook  was  found  to  Ix^  10,700  second-feet,  with  a  slope  of 
0.002  and  a  coefficient  of  roughness  of  0.040;  and  the  maximum  rate  of  dischai^  at  the 
crossing  of  the  Chicago,  Burlington  and  Quincy  Railway  bridge  on  Panther  Creek  was  found 
to  be  7,300  second-feet,  with  a  slope  of  0.0028  and  a  coefficient  of  roughness  of  0.038.  The 
sum  of  these  discharges  is  179,000  second-feet.  The  drainage  area  of  Devils  Creek  at  the 
Santa  Fe  bridge  exceeds  the  sum  of  the  areas  represented  by  the  three  points  selected  by 
about  2  square  miles.  Adding  for  this  excess  drainiage  area  1,300  second-feet  per  square 
mile  to  the  discharge  found  by  the  summation  of  the  partial  discharges,  there  would  be  at 
the  Santa  Fe  bridge  over  Devils  Creek  a  discharge  of  182,000  secx)nd-feet,  which  differs  from 
the  original  computation  by  al>out  4  per  cent. 

a  See  GaiiguiUet  and  Kutter,  flow  of  water,  Thciss  below  Szolnok,  Class  B,  DMsion  VIH, 
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It  has  been  noted  that  the  run-off  per  square  mile  on  the  drainage  area  of  Devils  Creek 
t  the  Santa  Fe  bridge  is  about  1,300  second-feet.  Like  computations  show  that  the  run-off 
ler  square  mile  is  about  1,500  second-feet,  560  second-feet,  and  520  second-feet  for  Devils 
}ireek,  little  Devils  Creek  and  Panther  Creek,  respectively,  at  points  near  Viele.  This 
deariy  indicates  that  the  flood  was  concentrated  in  the  main  Devils  Creek  Valley. 

Hiese  mffc-rtmnm  rates  of  flow  are  greatly  in  excess  of  any  that  have  been  published  for 
Btreams  in  the  United  States,  and  although  the  data  were  obtained  with  care  they  may  be 
m  error  by  a  large  amount.  There  was  no  engineer  on  the  ground  during  this  flood  from 
whom  definite  information  could  be  obtained  as  to  what  happened  at  each  measured  section 
it  the  time  of  maximum  flow.  Drift  undoubtedly  lodged  in  front  of  the  Santa  Fe  Railway 
bridge  and  abutments,  making  a  difference  in  elevation  of  the  water  surface  above  and 
below  the  bridge,  and  consequently  a  greater  surface  slope  than  the  stream  would  show 
during  times  of  free  flow.  Again,  it  is  impossible  to  state  with  certainty  the  rate  of  scour 
of  the  bed  and  banks.  The  computed  rate  of  flow  is  based  on  the  area  obtained  from  sound- 
iDgB  taken  on  June  24,  fourteen  days  after  the  flood.  This  area  is  three  times  larger  than 
the  area  at  this  place  just  prior  to  the  flood. 

The  behavior  of  Devils  Creek  at  the  bend  (fig.  6),  1.5  miles  above  Viele,  well  illustrates 
the  change  of  velocity  in  the  channel  around  a  bend  when  overflow  takes  place  across  the 
bend.  TTiis  stream  makes  a  sharp  bend  about  1,000  feet  above  the  Chicago,  Burlington 
and  Quincy  Railway  bridge  and  flows  nearly  parallel  with  the  railway.  The  overflow  cut 
acran  this  bend  and  entered  the  channel  below  with  a  velocity  which  was  greater  than  that 
in  the  diannel  because  of  the  same  fall  in  a  shorter  distance.  The  entry  of  this  overflow 
produced  backwater  in  the  channel  above,  reducing  the  velocity  almost  to  zero.  The 
OTerflow  across  the  bend  carried  a  steel  bridge  over  the  railway  embankment,  washed 
away  the  track,  and  eroded  the  embankment  to  a  depth  of  10  feet,  but  although  the  water 
wu  3  feet  deep  on  the  railway  bridge,  the  bridge  was  not  damaged. 

DAMAGE. 

The  damage  done  was  very  large  considering  the  small  area  covered  by  the  storm.  In 
addition  to  the  damage  done  at  the  Santa  Fe  Railway  bridge  No.  342,  already  mentioned, 
the  CUcago,  Burlington  and  Quincy  Railway  bridge  over  Devils  Creek  at  Viele  was  swept 
away,  with  375  feet  of  the  right  approach,  and  the  abutments  of  the  railway  bridges  over 
little  Devils  and  Painter  creeks  near  Viele  were  badly  damaged  and  900  feet  of  embankment 
washed  away.  Besides  these,  14  county  bridges  over  Devils  Creek  in  Lee  County,  varying 
in  length  from  70  to  127  feet ;  6  bridges  over  the  branches  of  Devils  Creek,  of  lengths  ranging 
fix)m  30  to  156  feet;  4  bridges  over  Little  Devils  Creek,  of  lengths  ranging  from  110  to  136 
feet;  and  3  bridges  over  Panther  Creek,  of  lengths  ranging  from  90  to  156  feet,  were  either 
swept  away  or  damaged.  The  cost  of  replacing  these  county  bridges  was  estimated  at 
127,000  by  M.  E.  Bannon,  bridge  engineer,  Lee  County,  Iowa.  Many  small  bridges  in  this 
county  were  also  swept  away,  and  several  miles  of  road  and  several  acres  of  land  were  badly 
damaged  by  scour  or  by  deposit  of  sand  and  debris  upon  it. 

INTERENCES  FROM  FLOOD. 

The  general  inference  to  be  drawn  from  the  effects  of  the  high  water  on  bridges  throughout 
Devils  Creek  Valley  is  that  all  the  waterways  were  by  far  too  small.  The  waterways  on  the 
main  stream  were  not  more  than  one-third  the  size  required  to  carry  with  safety  the  immense 
volume  of  water  flowing  at  the  time  of  the  maximum  stage.  However,  that  it  would  not  be 
economical  and,  therefore,  not  good  engineering  practice,  to  attempt  to  provide  waterways 
siifBcient  for  such  extraordinary  floods  as  that  of  June  10, 1905,  is  certain.  The  long  lapse  of 
time  between  storms  of  such  abnonnal  proportions  as  the  one  here  described  makes  the  inter- 
est on  the  invested  capital  of  the  structure  exceed  several  times  the  cost  of  replacement. 
The  most  economical  bridge  is  one  whose  wutem'ay  is  based  on  a  careful  study  of  the  fre- 
quency and  intensity  of  storms  and  the  corresponding  run-offs  with  a  view  to  balancing 
interest  on  the  first  cofit  against  cost  of  replacement,  loss  of  traf&c,  eVc.,  Aw^  \/o  ^%^Qv>Xa. 
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Such  engineering  study  is  unfortunately  hindered  by  lack  of  comprehensive  data  concei 
rainfall.  The  washout  experience  of  the  railroads  at  their  crossings  on  Devik  Creek  st 
result  in  enlargements  of  their  waterways.  That  the  new  waterways  need  not  be  as  lar 
the  openings  made  by  the  flood,  and  that  they  should  be  laiger  than  they  were  befon 
flood  are  equally  without  doubt. 

The  following  table,  taken  from  Table  VI,  Bulletin  C,  of  the  Weather  Bureau,  shows  n 
mum  rates  of  rainfall  at  points  surrounding  Lee  County  for  periods  prior  to  and  iDclu 
1891. 

Maximum  rainfall  at  certain  poittls  in  Mississippi  River  hasin. 


Location  of  station. 


Dubuque,  Iowa... 

Keokulc,  Iowa 

Omaha,  Nobr 

St.  Louis,  Mo 

Cairo,  III 

St.  Paul,  Minn.... 
Indianapolis,  Ind. 


on. 

Periotl. 

Maximum 
in  72  hours. 

Inches. 
5.8 
5.5 
5.5 
6.7 
5.7 
5.1 
6.4 

Maximum 
in  48  hours. 

Inches. 
5.4 
5.3 
5.4 
6.7 
5.2 
4.6 
6.0 

Maxii 
in24^ 

Yenrs. 
32 

Incl 

'              30 

1              22 

1             S2 

ao 

'              22 

22 

1 

This  table  indicates  that  a  rainfall  of  about  5  inches  in  twenty-four  hours  may  be  exp 
to  occur  at  least  as  often  as  once  in  twenty  years.  It  would  therefore,  seem  wise  to  pi 
waterways  for  such  storms  as  far  as  possible.  It  is  a  matter  of  record,  as  shown  by  the 
below,  that  the  major  portion  of  the  precipitation  in  these  cases  occurs  in  a  few  hour 
is  not  equally  distributed  throughout  the  twenty-four-hour  period.  It  is  also  a  well-fc 
fact  that  as  a  rule  these  great  rainstorms  are  local. 

Heavy  precipitation  in  upper  Mississippi  Valley. 


V\aci\ 


Dftt*-. 


Bright,  Ind Sept€ml)er  23, 1898. . . 

Kjinsas  City,  Mo '  August  17,  1898 

Omuha.  Nchr |  J uly  6,  1898 

Whea tland,  Mo ;  July  29,  1898 

01)crlin,  Kans '  July  6,  1898 

Dresden,  Kans I  July  5,  1898 

Sliclby  vlllc,  Ind i  J  uly  25,  1898 

A  valon,  Mo ■  J  unc  26,  1898 

Englcwood,  Kans '  June  14, 

Vevay, Ind 

Tilden,  111 

Caniplxjll,  Kans 

Hannibal,  Mo 

St.  Louis,  Mo 


Juno  9,  1898 

June  16,  1898 

April ;»,  1898 

March  26-27,  1889. 
March  18,  1898 


Columbia,  Mo |  Octol>er  28,  1900. . . 

St.  Paul,  Minn 1  Septcniljcr  11,  1900 

Kansas  City,  Mo 


Omaha,  Ncbr 

Evansville,  Ind.. 
St.  Paul,  Minn... 

Columbia,  Mo 

Kansas  City,  Mo. 
Kansas  City,  Mo . 


ScptonilKjr  27,  1900 

June  Hi,  1900 

June  14  and  15,  1900... 

August  9,  1902 

August  18,  1902 

July  1,  1902 

August  13,  1903 


Precipl- 
•tatioii. 


Imhr*. 
2.00 
L97 
a98 
2.54 
3.30 
2.63 
2.33 
3.00 
2.30 

aoo 

2.05 
3.00 
2.90 
1.52 
L92 
L39 
L33 
2.19 
1.96 
3.04 
2.04 
3.37 
L35 
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Let  it  be  assumed,  for  streams  with  small  drainage  areas,  that  60  per  cent  of  the  twenty- 
four-bour  rainfall  occurs  in  two  hours;  that  it  takes  two  hours  for  the  storm  water  from  the 
remotest  part  of  the  drainage  area  to  reach  a  given  point,  and  that  the  proportion  of  run-off 
is  70  per  cent,  for  the  per  cent  of  run-off  is  often  very  large  during  heavy  rains,  as  the  ground 
is  likely  to  be  already  thorou^ly  saturated.  The  amount  of  water  reckoned  in  second-feet 
arriving  at  the  lower  end  of  this  drainage  area  at  the  end  of  a  two-hour  period  would  be  the 
total  precipitation  in  cubic  feet  on  that  area  for  one  second.  Now,  if  F  equals  the  number 
of  square  feet  in  a  square  mile;  M^  the  member  of  square  miles  in  the  drainage  area;  P,  the 
precipitation  in  feet  for  two  hours;  /?,  the  percentage  of  run-oflf;  7",  the  number  of  seconds 
in  two  hours,  and  Q,  the  maximum  drainage  area  run-off;  then. 


By  substitution. 


O^FMPJi 


Q_5280X5280X  12X  .70  ^^gyg  ^ 
2X60X60 


That  is,  there  would  be  678  second-feet  per  square  mile  to  provide  for.  Evidently  the  rate  of 
precipitation  to  be  used  should  be  the  maximum  occurring  in  the  time  required  for  the 
lemotest  waters  to  reach  the  point  considered. 

FLOOD   IN    DE8   MOINES   COUNTY,  IOWA. 

On  the  night  of  August  15, 1898,  a  storm  of  great  intensity  occurred  in  Des  Moines  County, 
Iowa,  a  This  storm  and  the  damage  done  by  it  are  discussed  by  Maurice  Ricker  in  a  paper 
entitled  "The  August  Cloudburst  in  Iowa,"  read  before  the  Iowa  Academy  of  Sciences, 
l^Member  28,  1898.  This  storm  was  confined  to  about  two-thirds  of  Des  Moines  County, 
or  an  area  of  about  250  square  miles.  Unfortunately  there  were  no  rain  gages  in  this 
uca,  but  Mr.  Ricker  claims  that  reliable  measurements  of  the  depth  of  water  in  empty  cans 
U) exposed  places  indicate  that  over  an  area  of  about  50  square  miles  the  precipitation  was 
»bout  16  inches. 

Twenty-three  county  bridges  were  swept  away  by  this  flood,  and  the  Burlington,  Cedar 
Rapids  and  Northern  Railway  lost  5  bridges  and  2  miles  of  track  by  it. 

FLOOD  ON  PURGATORY  RIVER,  COLORADO. 

From  April  22  to  24, 1905, 2.5  inches  of  rain  and  snow  fell  at  Trinidid,  Colo.,  and  a  greater 
depth  on  the  mountains,  causing  a  freshet  in  Purgatory  River  for  several  days.  The  stream 
^u  a  fall  of  42  feet  per  mile  in  the  vicinity  of  Trinidad,  and  the  sandy  loam  banks,  softened 
1>J  the  rains,  disappeared  rapidly  into  the  river.  Many  acres  of  fertile  bottom  land  and 
thousands  of  feet  of  railway  were  swept  away.  The  stream  in  places  shifted  its  channel 
from  one  side  of  the  valley  to  the  other,  necessitating  the  moving  of  some  of  the  bridges. 

PI.  I  is  a  view  of  the  river  above  Trinidad.  On  the  right  is  a  bridge,  under  which  the  river 
passed  before  the  flood  of  September,  1904.  The  road  and  the  right  bank  for  several  hun- 
<lrBd  feet  were  washed  away.  The  railroads  passing  through  Trinidad  suffered  heavily  from 
these  floods.  All  the  trains  on  the  Atchison,  Topeka  and  Santa  Fe  Railway  from  Kansas 
CItj  to  the  Southwest  were  delayed  for  several  days.  Large  gangs  of  men  were  kept  con- 
«tantly  at  work  repairing  and  rebuilding  track  washed  out  by  the  high  water.  About  2,000 
feet  of  the  pipe  line  that  supplies  the  city  of  Trinidad  with  water  were  washed  out,  and  the 
dtj  was  left  without  drinking  water  for  several  days. 


a  Monthly  Review  of  the  Iowa  Weather  and  Crop  Service,  Decernlx;r,  1898, 
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The  following  table  gives  the  gage  heights  and  daily  rate  of  flow  of  this  stream  tt 
gaging  station  near  Barela,  Colo.,  'SO  miles  below  Trinidad  and  about  one-eighth  of  1 1 
below  the  canyon  entrance:. 

Flood  fow  of  Purgatory  River  at  enirancf  ofcanyoUy  Barela,  Colo.,  April  £S  to  May  5, 1 


Date. 


April  23. 
April  24. 
April  24. 
April  24. 
April  24. 
April  24. 
April  25. 
April  25. 
April  25. 
April  25. 
April  25. 
April  26. 
April  26. 
April  26. 
April  26. 
April  26. 
April  27. 
April  27. 
April  27. 
April  27. 
April  27. 
April  27. 
April  28. 
April  29. 
April  30. 
May  1 . . . 
May  2... 
May  3... 
May  4... 
Mays... 


Hour. 

a.  m. 

K.45 

aoo 

9.00 

10.00 

11.00 

12.00 

ft.  45 

9.45 

10.45 

11.45 

12.45 

8.00 

9.00 

10.00 

11.00 

12.00 

7.30 

R.30 

9.30 

10.30 

11.00 

12.00 

8.00 

8.00 

7. 15 

8,30 

8.30 

8.00 

8.00 

8.00 


Case 
height. 

Hour. 

hc^. 

Meao    < 
h^t. 

Di 
cha 

Feet, 

p.m. 

FeU. 

FeH. 

Stc. 

4.90 

aeo 

4.00  1 

1.00 

8.00 

8.40 

2.00 

7.90 

&20 

aoo 

7.80 

8.08 

&10 

4.00 

7.75 

8.10 

5.00 

7.70 

7.  a") 

1.45 

7.00 

7.35 

2.45 

7.90 

•' 

7.35 

a45 

&40 

7.96 

7.40 

4.45 

9.30 

7.45 

5.45 

0.50 

1 

9.80 

1.00 

9.70 

1 

9.80 

2.00 

9.65 

9.80 

aoo 

9.00 

9.72 

9.75 

4.00 

9.65 

9.70 

5.00 

9.65 

1 

11.50 

1.00 

laio 

11.30 

2.00 

laoo 

11.10 

aoo 

laio 

11.01 

10.75 

4.00 

laso 

10.50 

5.00 

ia9o 

10.40 
10.80 

5.00 

9.90 

ia35 

8.90 

5.30 

&30 

&60 

7.90 

5.00 

7.50 

7.70, 

7.70 

5.00 

7.30 

7.50 

7.30 

7.30 



6. SO  I. 
6.40  I 


5.8U 


4.00 


5.90 


6.80 
&40 
5.85 


It  is  seen  that  the  largest  recorded  gage  height  wa.s  11.50  feet,  on  the  morning  of  the 
The  gajjc  nmder  report-s  that  on  the  night  of  the  2(ith  the  water  reached  the  15-foot 
on  the  gage.     The  discharge  for  a  15-foot  stage  is  upward  of  7,700  second-feet. 

FLOOD  ON  PECOS  RIVER,  NEW  MEXICO-TEXAS. 

During  the  latter  part  of  July  a  flood  occurred  on  the  Pecos  River  that  apprc 
closely  in  magnitude  the  great  flood  of  St^ptenilxr  and  October,  1904,  in  that  part 
stream  from  Carlsbad,  N.  Mex.,  to  Pecos,  Tex.  The  flood  did  much  damage  to  bridg 
irrigation  works. 

Pecos  River  rises  in  the  northern  part  of  New  Mexico,  flows  in  a  southerly  and  ; 
easterly  direction  a  distance  of  550  miles,  and  empties  into  the  Rio  Grande  near  La 
Tex. 

The  following  table  gives  the  daily  gage  height  at  Santa  Rosa  and  Roswell  and  the 
gage  height  and  corresponding  discharge  at  Carlsbad  and  Pecos,  Tex.,  during  the  flo 
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DaUy  rate  ofjiow  of  Pecos  River  during  floods  of  1906. 


Date. 


July  20... 
July  21... 
July  22... 
July  23... 
July  24... 
July  25... 
July  26... 
July  27... 
July  28... 
July  29... 
July  30... 
July  31... 
August  1. 
August  2. 


SanU 

Rosa. 

N.Mex. 


Roswell, 
N.  Mex. 


Gag© 


Carlsbad,  N.  Mex. 


Pecos,  Tex. 


hrtgg?..    I    he"|K.»    \  he[;?gt.c  j  Di.charge.|  ,,^-gJ,  |  Utecbarge. 


Gage 


Gage 


Feet. 
0.7 
0.9 
2.5 
1.5 
1.5 
1.5 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 


Feet. 

Feet. 

3.3 

0.09 

ao 

1.48 

ao 

1.54 

10.0 

2.77 

6.0 

8.67 

6.7 

«14.39 

I 


5.6 
4.3 

as 
a4 
a4 
a4 


12.42 
10.00 
7.00 
5.35 
4.50 
4.15 


Sec. -feet. 
206 
476 
518 
1,504 
18,620 
47,600 
37,500 
25,000 
11,300  I 
5,685  I 
3,750  ! 
3,140  i 


Feet. 
0.9 
0.9 
0.9 
1.0 
4.9 
7.2 
9.4 

ia7 

18.3 
17.2 

ia2 

10.7 
7.6 
6.2 


Sec. -feet. 

140 

140 

140 

150 

1,600 

5,380 

8,450 

16,100 

25,500 

22,650 

15,200 

9,750 

6,800 

4,170 


•  Maximum  stage  during  flood  of  October,  1904,  23  feet. 

Miaximum  stage  during  flood  of  October,  1904,  16.5  feet. 

e  Maximum  stage  during  flood  of  October,  1904. 15+  feet. 

'Maximum  stage  during  flood  of  October.  1904, 19  feet. 

«  Gage  height  at  10  a.  m.,  15.85  feet;  discharge,  54,930  second-feet. 

It  is  seen  that  the  stream  above  Santa  Rosa  was  not  in  flood  at  this  time,  as  the  gage  did 
not  read  above  2.5  feet,  not  within  21  feet  of  the  gage  reading  of  September  30,  1904.  At 
Roswell  the  maximum  stage  was  7  feet;  it  was  16.5  feet  on  October  1,  1905.  The  maxi- 
mum stage  at  Carlsbad  occurred  on  July  25,  and  was  at  least  1.4  less  than  in  October,  1904. 
^^  Pecos,  Tex.,  the  highest  stage  was  reached  on  July  28,  and  was  about  a  foot  less  than 
tbe  highest  stage  in  October,  1904.  The  Pecos  did  not  begin  to  rise  at  the  mouth  until 
July  30.  It  rose  slowly  from  a  stage  of  1.7  feet  and  a  rate  of  flow  of  670  second-feet  on 
July  29  to  a  stage  of  5.6  feet  and  a  rate  of  flow  of  5,530  second-feet  on  August  12. 

The  total  run-off  of  the  Pecos  at  Carlsbad,  N.  Mex.,  for  the  nine  days,  July  23-31,  of  this 
flood  was  305,600  acre-feet. 

By  comparing  the  gage  heights  and  corresponding  rates  of  flow  given  in  the  table  above 
^th  those  prevailing  during  the  flood  of  September  and  October,  1904,  a  it  will  be  seen  that 
the  flood  of  1905  was  much  smaller  than  the  flood  of  1904  above  Carlsbad  and  almost  dis- 
appeared above  Santa  Rosa.  In  the  vicinity  of  Pecos,  Tex.,  the  flood  of  1905  almost 
equaled  in  magnitude  that  of  1904,  but  was  of  shorter  duration.  The  stage  was  9  feet  or 
more  for  twelve  days  in  1904  and  only  six  days  in  1905. 


oSee  Watcr>Supply  and  Irrigation  l*aper,  U .  S.  Geo!.  Survey,  No.  147,  p.  i;«. 
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FLOOD  ON  HONDO  RIVER,  NEW  MEXICO. 

The  Hondo  reached  a  higher  stage  at  Hondo  reservoir  during  1905  than  during  1904. 
The  following  table  gives  the  daily  gage  height  and  dischaige  at  Hondo  reservoir  durio 
the  flood  of  1905:  / 

Daily  rate  of  flow  of  Hondo  Rit^er  during  floods  of  July  ^  1905. 


Date. 


July  22 
July  23 
July  24 
July  25 
July  26 
July  27 
July  28 
July  29 
July  30 
July  31 


Reservoir. 


hei^t.  Pl»«h»'Ke. 


Fert. 

Dry. 
6.3 
8.05 

11.4 
9.2 
8.55 
7.0 
6.5 
4.15 
4.35 


Roswell. 


m^t.  fi-h.... 


Sec-feet.        Feet.        Sec-feet. 


460 
820 
1,790 
1,115 
950 
600 
500 
170 
250 


4.1 

5.0 

5.7 

4.9 

4.85 

3.6 

2.95 

2.25 


FLOOD  ON  RIO  GRANDE,  NEW  MEXICO-TEXAS. 
INTUODUCTIOK. 

From  May  15  to  June  20  the  part  of  this  stream  between  Albuquerque,  N.  Mex.,  a 
Presidio,  Tex.,  was  in  destructive  flood.  The  dikes  protecting  villages  and  lowlands  w< 
overtopped  and  considerable  damage  was  done  to  crops,  railway  property,  buildings,  a 
land  along  the  river.  It  was  the  spring  flood,  dne  to  the  rapid  melting  of  an  exceptiopa 
large  winter  accumulation  of  snow  on  the  mountains. 

The  Rio  Grande  rises  among  the  mountains  of  southern  Colorado,  flows  in  a  gene 
southerly  and  southeasterly  direction  for  about  1,800  miles,  and  empties  into  the  Gulf 
Mexico.  Its  two  largest  tributaries  are  the  Pecos,  entering  from  the  north  near  Morehei 
Tex.,  and  the  Rio  Conchos,  entering  from  the  south  at  Presidio,  Tex.  (see  fig  7).  It  i 
storm-water  stream,  subject  to  large  and  sudden  fluctuations  of  flow,  except  in  the  spr 
and  early  summer,  when  its  water  comes  from  melting  snow  in  the  mountains  at  the  hei 
waters.  The  basin  is  long  and  comparatively  narrow,  the  larger  part  being  mountaino 
with  steep,  barren,  impervious  slopes.  From  its  head  to  Del  Norte,  Colo.,  a  distance 
144  miles,  the  fall  of  the  stream  is  4,258  feet;  from  Del  Norte  to  San  Marcial,  393  miles,  i 
fall  is  3,342  feet;  from  San  Marcial  to  El  Paso,  203  miles,  it  is  700  feet;  from  El  Paso  to  i 
mouth,  1.032  miles,  it  is  3,700  feet.  Tlie  area  of  the  watershed  above  El  Paso  is  38,( 
square  miles. 
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Fix>oi>  nx>w. 

There  ire  eight  gaging  stations  on  this  stream.    The  daily  rate  of  flow  and  progress  of 


Fio.  7.— Map  of  Rio  Grande  drainage  basin. 

the  flood  down  the  stream  can  \xi  seen  from  the  record  at  San  Marcial,  El  Paso,  and  Upper 
^'^widioja  given  in  the  following  table: 


a  Data  furnished  by  W.  \V.  Follett,  consulting  engineer. 
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Flood  flow  cfRio  Grande  during  part  of  Matf  and  Jvne,  tl¥)6. 


May  19.. 
May  20.. 
May  21.. 
May  22. . 
May  23.. 
May  24.. 
May  25.. 
May  26.. 
May  27.. 
May  28.. 
May  29.. 
May  30.. 
May  31 . . 
June  1 . . 
June  2.. 
Junes.. 
June  4.. 
Juno  5 . . 
June  6.. 
June  7.. 
Junes.. 
June  9.. 
June  10. 
Juno  11. 
June  12. 
June  13. 
June  14. 
June  15. 
Juno  16. 
June  17. 
June  18. 
June  19. 
June  20. 
June  21 . 


Date. 


I   Conicero 
!    hefeht). 

Feet. 
5.9 
.,  6.6 

•1  ^-^ 

.1  7.2 

.i  7.7 

-!  7.95 

.<  8.0 

.1         a4 
.1         a  15 

•1         ^« 

7.7 

7.1 

6.7 

6.25 

6.5 

7.05 

7.85 

8.25 

a  75 

8w85 

9.05 

a85 

a6 

8.45 

&1 

7.6 

6.8 

6.7 

6.4 

6.3 

6.  a") 

5.8 

5. 15 

4.9 


Rio  Grande 


San  I 

MarcUl  i 

(dto- 

chaiige) .  I 


El  Paso 

(dis- 
charge) . 


charj«r  ^ 


Feet. 
11. 1 
11.6 
11.5 
11.4 
11.5 
1L8 
11.8 
11.5 
11.2 
10.9 

ia6 
ia5 

9.4 
9.3 
9.1 
9.2 
9.5 

ia2 
las 

10.45 
10.7 
11.1 
10.4 
10.05 
9.65 
9.4 
9.05 
a45 
•8,15 
7.7 
7.5 
7.15 
6.85 
6.45 


Total  flow,  in  aon^fwt 1, 276, 000 

I  I 


Sec-feet. 

Sec-feet. 

See.-ftc^ 

15,380 
16,550 

6,020 
6.180 

_ 

17,350 
23,400 

6,980 
8,360 
9,720 
9,800 
10.210 

28,600 
29,070 

23,540 

4.10 

28,000 

12,640 

4,«1 

27,100 

14,720 

5,QP 

25,580 

16.450 

5,91 

23,600 

17,860 

5.ap 

20,430 

18.920 

5,«" 

19.060 

18,920 

h,m 

19,360 

20,270 

5,« 

19,660 

20.720 

^M 

19,970 

20,320 

6,W 

17, 110 

18,840 

«.M 

16,350 

17,620 

i,m 

16,480 

15,630 

%m 

15,810 

14,190 

»,Mi 

15,440 

14,190 

10,01 

15,070 

17,410 

\\,m 

15,930 

18,300 

\\M 

17,390 

20,190 

n,m 

18.460 

23,680 

12.5« 

16,370 

23,050 

13,7« 

13,570 

23,620 

13,7« 

12,170 

23,270 

12,60( 

11.880 

23,270 

12,4« 

12,800 

20,100 

12,8« 

13,730 

17,250 

11,4IX 

10,950 

13,620 

12,« 

10,170 

9,970 

12,10< 

8,810 

7,310 

ll.«C 

1,070,000 


513,  «C 


There  were  evidently  two  flood  waves,  one  reaching  a  maximum  rate  of  29,070  secon<l- 
feet  at  San  Mareial  on  May  24,  the  other  reaching  a  maximum  of  18,460  second-feet  at  Stf3 
Marcial  on  June  12,  nineteen  days  later.  These  two  waves  reached  El  Paso  on  June  2  ftO^ 
14,  the  second  having  there  a  larger  rate  of  flow  than  the  first.  The  first  wave  was  lo^ 
before  reaching  Presidio,  and  the  maximum  rate  of  the  second  one  at  that  placid  W*- 
reduced  to  13,700  second-feet.  The  total  volume  of  flow  from  May  19  to  June  21  at  S*' 
Marcial  is  1,276,(XX)  acre-feet.  The  total  volume  at  El  Paso  May  19  to  June  21  is  1,070,0^ 
acre-feet,  and  the  total  volume  at  Presidio  May  25  to  June  21  is  513,400  acre-feet. 

COMPARISON  WITH  FLOOD  OF  (K'TOBKR,  1904. 

The  following  table  gives  the  daily  rate  of  flow  at  San  Marcial  and  El  Paso  for  the  t4 
days  of  the  flood  of  1904  between  Octol)er  8-17,  and  for  ten  days  of  the  flood  of  May,  19(J 
The  former,  a  fall  flood  due  to  rain,  had  a  much  more  rapid  rate  of  rise  and  fall  and  a  greats 
maximum  rate  of  flow  than  the  latter,  which  was  a  spring  flood,  due  to  melting  sno^ 
The  greatest  daily  discharge  each  year  from  1895  to  1905  is  given  on  page  83. 
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CcmpariMn  of  daUy  disduur^  of  Rio  Grande  at  San  Marcial  and  El  Paso  during  the.  floods 

of  1904-1905. 


Date. 


San 
Marcial. 


OrtoberH 

8ec.-feet. 
2,880 

Ortober9                 

12.000 

October  10 

24,000 

Oetoher  11 

33,000 

October  12 

24,800 

October  13     

21,750 

October  14 

15,900 

October  15 

11,100 

October  16 

6,250 

October  17 

1,550 

£1  Paso. 


Date. 


■I 


8ec.-feet.  '  Sec-feet. 

5,740      May21 17,350 


1905. 


San 
Marcial. 


7,670  I  May  22. 
11,370  i  May  23. 
10,550  .  May  24. 


12,010 
13,800 
16,200 
17,100 
9,300 
6,300 


May  25. 
May  26. 
May  27. 
May  2X. 
May  29. 
May  30. 


23,400 
28,600 
29.070 
23,540 
28.000 
27,100 
25,580 
23,600 
20,430 


I  El  Paso. 

I  Sec.'feet. 

6,980 
I  8,3K0 

I  9.720 

I  9,800 

I        10,210 

12,640 
1         14,720 

16,450 

17,860 
;        18.920 


DAMAGE. 

The  damage  done  by  this  flood  consisted  rhiefly^  in  the  destruction  of  crops  on  lands 
overflowed  and  the  destruction  of  clay  or  adobe  buildings.  Tlie  village  of  Tome,  35  miles 
south  of  Albuquerque,  N.  Mex.,  one  of  the  oldest  in  the  Territor}',  was  reported  to  have 
been  almost  completely  destroyed.  The  river  broke  through  the  dike  at  this  place,  flooded 
the  village,  softened  the  walls  of  the  buildings,  and  caused  them  to  fall.  Some  of  the  land 
ibng  the  river  was  injured  by  having  the  soil  washed  from  it,  while  other  land  was  enriched 
by  the  deposition  of  rich  sediment  upon  it. 

EFFECT  OF  PROPOSED  ENGLE  I>AM  OX  riX>ODS. 

A  reservoir,  to  be  formed  by  a  dam  on  the  Rio  Grande,  will  be  located  near  Engle,  N. 
Mex.,  125  miles  above  El  Paso.  It  will  have  a  depth  of  175  feet  at  lower  end,  a  length  of 
40  miles,  and  a  capacity  of  2,000,000  acre-feet.  The  following  table  gives  run-off,  in  acre- 
feet,  at  San  Marcial  each  month  from  October,  1904,  to  September  30,  1905,  and  the  total 
volume  for  these  twelve  months. 

Mmated  monthly  discharge  of  Rio  Grande  near  San  Marcial,  N.  Mex.,  October  1,  190^,  to 

September  SO,  1905. 


Month. 


1904. 


October.... 
November. 
December.. 

Juwary... 
February . . 

lUich 

April 

JUy 

June 

% 

Aagust 

Member. 


Maximum. 

Minimum. 

Mean. 

Total  in 
acre-fw»l. 

Sfc.-feet. 

Sec-feet. 

Sec-feet. 

33.000 

1.120 

7,534 

463,200 

1,430 

6.50 

870 

51,770 

1.130 

355 

679 

41.750 

1.005 

370 

636 

39.110 

3.220 

290 

1.150 

63,870 

5,620 

2,200 

3,544 

217,900 

14.160 

1,730 

4,695 

279,400 

29,070 

7,500 

15,650 

962.200 

19,970 

2,640 

12,000 

714.300 

2,770 

65 

582 

35,780 

710 

0 

327 

20,090 

470 

0 

89 

5,276 

Acre^eei  for  period. 


2,895,000* 
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It  is  seen  that  the  total  flow  for  these  twelve  months  at  San  Marcial  whs  abot 
times  the  capacity  of  this  reservoir. 

SPRING  FLOODS  IN  COLORADO  RIVER  BASIN. 
INTRODUCTION. 

In  the  Colorado  River  drainage  basin,  especially  its  southern  portion,  a  remarkable 
or  succession  of  floods  occurred  during  the  period  January-April,  1905.  The  rate  o 
of  some  of  the  tributaries  may  have  been  gre^t^r,  for  a  short  time,  at  some  previous 
than  during  this  period,  but  the  tot-al  run-off  of  the  Gila  and  Colorado  during  this 
was  unprecedented.  The  flood  of  1903  on  the  Colorado  was  regarded  as  one  of  the  I 
up  to  that  time,  but  the  total  run-off  at  Yuma  from  January  to  July,  1905,  was  1.8 
greater  than  during  the  corresponding  period  of  1903.  The  Gila  River  at  Dome,  ne 
mouth,  had  a  total  run-off  of  31,000  acre-feet  from  January  to  May,  1903,  inclusive 
2,957,800  acre-feet  for  the  same  period  of  1905. 

The  Colorado  River  proper  is  formed  by  the  junction  of  the  Green  and  Grand  riv( 
the  southern  part  of  Utah,  flows  in  a  general  southwesterly  direction  for  nearly  1,000 1 
and  empties  into  the  Gulf  of  California.  The  principal  tributaries  are  the  Gila,  Little 
rado,  San  Juan,  Virgin,  and  Williams.  The  following  table,  prepared  mainly  from 
in  Water-Supply  and  Irrigation  Paper  No.  44  (p.  82),  gives  the  distance  from  the  n 
to  places  along  the  river,  their  height  above  sea  level,  and  the  fall  per  mile  between  t 

Distances  and  altitudes  along  Colorado  River,  and  fall  per  mile. 


Locality. 


Mouth 

Yuma  (mouth  of  Gila  Rivor) . 

Ehrenl)erg 

Mouth  of  Williams  River 

Needles  Bridge 

Needles 


Mohave  City 

HardyvUle 

BuUahead 

Mouth  of  Virgin  River 

Mouth  of  ( I  rand  Wash  (fault) . 

Mouth  of  Dhimond  Creek 

Toroweap  Valley  (fault) 

Mouth  of  Kanab  Creek 


Mouth  of  Little  Colorado  River. 

Mouth  of  Paria  River 

Mouth  of  Navajo  Cn»ek 

Crossing  of  the  Fathers 

Mouth  of  San  Juan  River 

Mouth  of  Esc'alantc  River 

Mouth  of  Dirty  Devil  River 


Mouth  of  Grand  River. 


Distance 

from 
mouth. 

Height 

above 

sea. 

Fa 

n 

MQet. 

Feet. 

J 

0 

0 

150 

125 

261 

340 

375 

967 

385 

448 

440 

447 

454 

555 

935 

600 

1,000 

650 

1,312 

700 

1,625 

730 

1,810 

790 

2,300 

800 

2,520 

815 

2,625 

880 

3,187 

905 

3,220 

920 

3,250 

957 

3,310 

970 

3,325 

1.090 

3,434 

1,067 

3,750 

1,060 

3,n5 

The  Colorado  River  drainage  ba^n,  inckiding  the  Green  and  Grand  rivers,  extends 
43.5°  to  31°  north  latitude,  and  from  115.5°  to  106°  west  longitude,  and  comprises  ac 
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about  225,000  square  miles.  Within  this  basin  is  found  some  of  the  most  varied  topog- 
phy  on  this  continent.  The  canyon  of  the  Colorado  has  a  depth  of  3,000  to  6,000  feet 
the  surrounding  plateaus.  The  greater  part  of  the  basin  consists  of  elevated  pla- 
Imuis  bordered  with  cliffs.  The  slopes  are  steep  and  nearly  impervious,  hence  the  run-off 
iiTery  rapid. 

PRECIPITATION. 

The  mean  annual  precipitation  varies  from  less  than  5  inches  in  the  southwestern  part 
[  the  basin  to  more  than  15  inches  on  some  of  the  high  plateaus  and  mountains.  On 
b  headwaters  of  the  Duchesne  River  the  precipitation  must  be  more  than  20  inches,  as 
b  metsured  annual  run-off  is  145  inches. 

The  following  table,  prepared  from  the  records  of  the  United  Stat^  Weather  Bureau 
fm  the  monthly  precipitation  from  January  to  April,  1905,  at  placdfe  in  the  Gila  River 
ban  and  vicinity.  It  also  gives  the  mean  monthly  precipitation  at  some  of  these  places 
iDroomparison: 

MnAly  precipUaiion  in  Ike  Gila  and  Little  Colorado  River  hasins  from  January  1  to  April 
SO,  1906,  compared  with  the  mean  monthly  precipitation  of  same  localities. 


Place. 


,Arix 

Fmcott^Arix 

Ari2 

AlBa,N.Mex 

Toaqg,ArU 

Alpine,  Art* 

F«t  ApiMihe,  Ariz 

foitGnmt,Ari* 

ftfl8nix,Ari2 

OiD,Ari« 

fiwing.N.Mex 

'oit  Bayard,  N.  Hex.. 

iMCario9,Ari2 

CimbTay,N.Mex.--.- 

BMrfe,Arix 

%,N.Mex 

lNidl«yville,Aria , 

UidsbuiK, N. Mex  ••• 

Jha,Arii 

liBi,N.Mex 

•«keye,Ari« 

JUifcopa^Arix 

Ya»,Ariz 

.K*«,Arix , 

^"wn.Aria 

l>BBan,Arix , 

H<i»brook,Ariz , 

^^tn,Aria 

'ortWingate,N.Mex. 

''•IrtAfl.Arix 

T«b»,Arl£ 


January.        February. 


5.10 
4.74 
1.97 
1.44 
5.21 
3.15 
a45 
0.36 
3.31 
a  61 
1.53 
a07 
a46 
1.09 
1.91 


1.44 
1.55 


0.99 


a  57 
1.57 
2.85 
2.09 
2.91 
1.60 
1.15 
1.12 
1.06 
2.10 
1.29 
1.77 
2.30 
a20 
1.45 


1.36 
0.99 
0.80 
1.03 
0.43 
0.66 
1.33 
0.22 
1.63 


0.53 
1.27 


1.08 
0.74 
0.42 


7.80  j 
7.92 

a27  : 

6.05  . 
7.94  ' 
5.88  I 
4.31 
2.34 
4.64 
6.22 
2.08 
4.26  : 
5.03 
2.01  ■ 
a29  I 

aoo 

5.88  I 

aa5 

4.86  I 

3.53 

6.46 

2.70  i 
a43 

5.71  I 

a34  ' 
a72  I 

2.98  ' 
4.47 
2.31 
5.79  I 
1.21 


2.  as 

1.76 


0.39 


1.80 
1.13 
0.70 
1.21 
0.31 
0.86 
1.44 
0.60 
1.15 
0.37 
1.39 
0.32 
0.94 


0.80 
0.70 
0.51 


I 


Ma 

rch. 
Mean. 

Al 

1905. 

a70 

)ril. 

Total. 

1905. 

Mean. 
1.07 

1905. 

Mean. 

7.30 

i.a5 

2a  90 

6.21 

6.17 

1.78 

a  81 

0.81 

22.64 

5.90 

2.16 

1.65 

9.05 

5.35 

0.56 

2.40 

0.38 

15.24 

2.32 

7.50 

4.59 

25.24 

4.91 

a20 

17.14 

6.79 

1.63 

5.00 

0.71 

19.55 

5.50 

0.99 

0.71 

1.21 

0.32 

4.90 

a  15 

2.38 

0.58 

2.59 

0.44 

12.92 

2.52 

6.07 

0.98 

2.a'> 

0.41 

18.25 

a63 

2. 15 

0.42 

1.87 

0.06 

7.63 

1.2S 

4.33 

0.58 

2.93 

0.24 

14.50 

2.34 

a  30 

0.98 

a34 

0.42 

15.13 

4.17 

1.02 

0.23 

0.55 

0.02 

5.27 

1.07 

2.65 

0.92 

1.19 

0.21 

9.04 

a  91 

2.95 

0.37 

1.78 

0.03 

7.73 

a  75 

1.02 

a90 

0.54 

17.10 

4.30 

a  24 

0.44 

1.27 

0.09 

9.43 

1.38 

a  42 

0.76 

2.70 

0.45 

ia83 

a42 

2.47 

2.37 

10.46 

a  61 

0.72 

2.04 

0.22 

15.02 

2.82 

1.72 

0.45 

1.71 

0.14 

7.73 

2.03 

a  33 

0.26 

0.16 

0.08 

8.07 

1.27 

5.26 

4.04 

...i... 

16.13 

4.20 

2.01 

10.63 

a36 

1.74 

11.92 

2.93 

1.57 



a77 

aa5 

2.42 

11.71 

2.85 

4.05 

11.51 

4.02 



2.65 

15.66 

0.96 

2.58 

6.20 

It  is  Men  that  the  precipitation  for  this  period  at  all  of  these  places  was  several  times 
piBiter  than  the  normal.  At  some  places  whore  the  rainfall  per  month  is  generally  about 
^^^hait  inch  it  was  from  5  to  7  inches  per  month.     Excessive  precipitation  for  a  short 
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time  over  comparatively  small  areas  is  not  uncommon,  but  such  long  periods  of  excean'^ 
rainfall  over  so  large  an  area  in  this  section  is  very  remarkable.  In  a  considerable  part  ^ 
the  Salt  and  Verde  River  basins  the  precipitation  during  these  four  months  was  over  2 
inches. 

TRIBUTARIES  OF  COIX)RADO  RIVER  ABOVE  IIARDYVIL.L.E. 

The  subjoined  table  shows  the  discharge  of  tributaries  of  the  Colorado  during  the  flood 
of  Juno,  1905: 

Daily  rate  of  flow  of  Colorado  ^  Oreerif  Grand,  Ounniaorif  and  San  Juan  rivers,  during  floodt  o 

June,  1906. 

[Drainage  areas  above  gaging  stations  in  square  miles:  Green  River,  38,200;  Grand  River,  8,546;  Gun 

nison  River,  7,863.] 


Day. 


3. 
4. 

5. 

6. 
7. 
8. 
9. 
10. 

12. 
13. 
14. 
15. 

10. 
17. 
18. 
11). 
20. 


Colorado  River 

at  IlardyviUe, 

Ariz. 


G  reen  River  at 

Orecnriver, 

Utoh. 


Gage 
height. 


Dis- 
charge. 


Gage 
height. 


T 


Feet.     Sec.-feet.  \    Feet. 


Dis- 
charge. 

Sec.-feet.  | 


I 


10.8 

64 

11.85 

73 

12.5 

80 

13.1 

85 

13.7 

91 

14.4 

98 

14.3 

9C. 

14.0 

93 

14.  3 

94 

14.4.'> 

94 

14.5 
13.8 
13.3 
12.  S 
12.5 
12.2 


,310 
1,890  I 
1,070  I 
880  , 
760  ' 
620  I 
500  I 
500 
000  ' 
500  I 
500  I 
500  I 
000 
000  ' 
500  I 
500  1 


9.6 
9.8 
9.85 
10.05 
10.3 
10.55 
10.5 
10.05 
10.2 
10.2 
9.95 
9.8.5 
9.  .15 
9.25 
9.15 
9. 05 


29,260  I 
30.970 
31,400  ' 
33,160  I 
35,400  I 
37.700  I 
37.230 
33.160 
34.500  I 
34,500  I 
32,280 
31,400 
27,180  ' 
2t>.370  I 
25..')80  I 
24.790  I 


Grand  River  at 
Palisade,  Colo. 

Gunnison  River 

at  Whitewater, 

Colo. 

San  Juan  River 

at  Farmingtoo, 

N.lfex. 

Gaffe 
height. 

Dis- 
charge. 

Sec.-feet. 

Ga«o 
height. 

Feet. 

Dis- 
charge. 

Gaee 
height. 

Feet. 

Di*. 
chftige. 

1    Feet. 

Sec.-feet. 

See.-fea. 

'     19.35 

25,040 

11.65 

17,780 

iao5 

15,65C 

'    20.05 

29,200 

12.45 

21,280 

10.7 

17,600 

'    20.35 

31,000 

12.75 

22,710 

12.4 

22,700 

21.0 

35,000 

13.15 

24.660 

12.25 

22,280 

1    22.05 

41,620 

13.85 

28,080 

12.35 

22,5» 

22.0 

41,300 

13.6 

26,860 

13.10 

24,800 

'    21.8 

40,020 

13.05 

24,160 

11.65 

20,450 

1    21.35 

37,180 

13.2 

24,900 

11.8 

20,900 

1    22.0 

41,300 

13  5 

26,370 

12.0 

21,500 

,    22.0 

41.300 

13.55 

26,620 

11.9 

21,200 

21.3 

36, «» 

12.95 

23,680 

12.0 

21.500 

'    21.25 

3<),850 

12.5 

21.520 

12.05 

21,650 

1    20  6 

32,530 

12.25 

20,360 

11.9 

21,200 

1    20.35 

31,000 

12.05 

19,460 

11.6 

20.300 

20.4 

31,310 

11.85 

18.600 

11.4 

19,70C 

20.4 

31,310 

11.7 

17,980 

11.4 

19,701 

'     19.9 

28.300 

11.1 

15,680 

11.75 

20.751 

1     19  45 

25,(V20 

10  45 

13,420 

10.6 

17,30 

1     19. 05 

23.290 

10.15 

12.440 

10.7 

i7.et 

1     18.7 

21.300 

9.9 

11,650 

10.75 

17.7- 

OREEN    RIVER  AT   GREENRIVER,  UTAH. 

The  daily  rate  of  flow  of  Cireon  River,  the  largest  of  the  two  streams  that  form  the  Col' 
rado,  at  the  gaging  station  near  Grecnriver,  i.s  given  on  page  40.  The  station  is  locate 
about  70  miles  above  the  mouth  of  the  river  and  the  drainage  area  above  this  point  is  38,2^ 
square  miles. 

The  stage  increa.sed  gradually  from  9.6  feet  on  June  5  to  10.55  feet  on  June  10,  and  th 
rate  of  flow  increased  Irom  29,260  second-feet  to  37,700  second-feet.  From  the  11th  to  ti 
20th  the  rate  of  flow  gradually  decreased  from  37,230  socond-feet  to  24,790  second-feet.  Ti 
greatest  daily  rate  of  flow  wa.s  about  1  second-loot  per  square  mile.  In  May,  1897,  the  rai 
of  flow  was  68,800  second-feet,  and  in  June,  1899,  it  was  58,350  second-feet. 


GRAND    RIVER    AT    PALISADE,  COLO. 


The  daily  rate  of  flow  of  Grand  River,  which  unites  with  the  Green  to  form  the  Colonic 
at  the  gaging  station  at  Palisade,  Colo.,  is  given  on  page  40.  Between  June  2  and  June  1 
the  stage  varied  from  20  to  22  ieet  and  the  rate  of  flow  from  29,000  to  41,300  second-fec 
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Tbe  greatest  dafly  rate  during  this  period  was  4.83  second-feet  per  square  mile.  This  sta- 
I  WIS  established  in  1902.  The  greatest  rate  of  flow  during  these  four  years  prior  to 
kat,  1905,  was  24,800  second-feet  in  May,  1904. 

GUNNISON   RIVBR   AT   WHITEWATER,  COLO. 

The  daily  rate  of  flow  of  Gunnison  River  during  this  flood  at  the  gaging  station,  10  miles 
jboTe  its  mouth,  is  given  on  page  40.  From  June  1  to  June  16  the  stage  varied  from  about 
11.7  to  13.85  feet  and  the  rate  of  flow  from  17,780  to  28,080  second-feet.  The  maximum 
4u]j  rate  during  this  time  was  3.67  second-feet  per  square  mile.  This  station  has  been  in 
fferatioQ  four  years.  The  greatest  daily  rate  during  this  period  prior  to  June,  1905,  was 
17310  second-feet  in  June,  1903. 

SAN   JUAN    RIVER   NEAR   FARMINGTON,  N.  MEX. 

Tile  San  Juan  is  the  largest  tributary  of  the  upper  Colorado,  which  it  enters  from  the  east 
ibout  120  miles  below  the  junction  of  the  Green  and  the  Grand,  and  about  15  miles  north 
•f  tbe  Utah- Arizona  boundary  !ine.  The  daily  rate  of  flow  at  the  gaging  station  near  Farm- 
■Jtoo,  S.  Mex.,  is  given  on  page  40.  From  June  1  to  June  21,  the  stage  varied  from  about 
K  to  13.1  feet,  and  the  rate  of  flow  from  15,600  to  24,800  second-feet.  The  greatest  daily 
ale  in  1904  was  20,000  second-feet  in  October. 

LITTLE   COLORADO   RIVER. 

Hie  ex(%8sive  precipitation  in  the  basin  of  the  Little  Colorado  during  the  months  Jan- 
■iry-Aphl,  noted  on  page  39,  resulted  in  great  floods  that  swept  away  several  large  dams 
imI  deprived  many  thousand  acres  of  irrigated  land  of  water. 

Agaging  station  was  established  on  this  stream  at  Holbrook,  Ariz.,  March  17,  after  the 
^est  flood  that  destroyed  the  dams  had  passed.  The  records  at  this  place  show  that  during 
^period,  March  17  to  April  30,  the  discharge  varied  from  1,000  to  2,075  second-feet. 

The  maximum  stage,  due  to  failure  of  the  St.  Johns  dam,  was  11.5  feet.  This  stage  is 
*^  3  feet  higher  than  that  on  Noveml>er  29,  when  the  discharge  was  estimated  to  have 
Wn  about  20,000  second-feet. 

COLORADO  RIVER  AT  IIARDYVII.LE,  ARIZ. 

^  Edging  station  is  located  on  Colorado  River  al)out  one-fourth  of  a  mile  al>ove  the 
•■wted  town  of  f lardyville,  7  miles  above  Fort  Mohave  and  297  miles  above  Yuma.  Dis- 
"1^  measurements  are  made  from  a  car  on  a  cable,  and  fluctuations  of  stage  arc  read 
■••y  on  a  rod  fastened  to  the  left  bank  near  the  cable. 

Tile  daily  gage  height  and  rate  of  flow  from  June  5  to  June  20,  during  this  flood,  arc  given 
*I«ge40 

At  this  station  there  was  a  gradual  increase  from  a  stage  of  10.8  feet  and  a  discharge  of 
H3I0 second-feet,  on  June  5.  to  a  stage  of  14.4  leet  and  a  discharge  of  98,620  second-feet 
*Juoe  10.  From  June  10  to  June  15  the  stage  varied  from  14  to  14.5  feet.  On  the  20th 
*k«l  fallen  to  12.2  feet. 

GILA   RIVER   KASIN. 

lNTROI)l(niON. 

Gila  River  rises  in  the  mountainous  country  of  southwestern  New  Mexico,  flows  in  a  gen- 
•^f southwesterly  direction  through  Arizona,  and  empties  into  Colorado  River  1  mile  alx)vc 
*onia,  Ariz.  Its  principal  tributaries  are  the  Salt,  Verde,  San  Francisco,  Agua  Fria,  and 
™ayampa  from  the  north  and  the  San  Pedio  and  Santa  Cruz  from  the  south.  The 
*Wbn  of  these  streams  is  shown  on  Pi.  II. 

Tbe  total  area  drained  by  this  rivei  is  7 1.1 40  square  miles,  40  per  cent  of  which  has  an  ele- 
VttttD  of  Jess  than  3,000  feet  and  is  largely  agricultural  land  il  supplied  with  water.     About 
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27  per  cent  has  an  elevation  of  more  than  5,000  feet  and  from  this  part  comes  the  water  t 
ply.  This  high  plateau,  which  lies  at  the  headwaters  of  the  Gila,  in  the  eastern  and  d( 
eastern  part  of  the  drainage  basin,  intercepts  the  moisture-laden  winds  from  the  soutb 
and  causes  them  to  precipitate  their  moisture.  The  run-ofT  from  the  remaining  73  per 
is  snyill,  except  during  an  occasional  period  of  heavy  storms  like  that  of  the  wintei 
spring  of  1905.  The  run-off  is  rapid,  the  slopes  being  stee^  and  impervious  and  the 
tuations  in  flow  are  very  great,  as  can  be  seen  from  flg.  8. 

PBECIPrrATION. 

The  precipitation  in  this  basin  during  the  floods  of  1905  can  be  seen  from  the  precipit 
records  on  page  39.  Lai^e  parts  of  the  Salt,  Verde,  and  Gila  basins  are  in  the  area  of  gn 
precipitation,  and  more  than  20  inches  of  rain  fell  on  them  during  these  four  months 

SAN   FRANCISCO  RIYEB. 

The  San  Francisco  is  an  important  tributary  of  the  Gila,  which  it  enters  from  the  i 
about  30  miles  above  Solomonsville.  Ariz.  The  gaging  station  on  it  is  located  at  J 
N.  Mex.  The  basin  above  the  station  is  mountainous  and  comprises  an  area  of  about  li 
square  miles.  The  following  table  gives  the  daily  rate  of  flow  at  this  station  during 
floods: 


Daily  diatharge,  in  secondrfeei,  of  San  Francisco  River  at  Alma,  N.  Mex.,  in  1905, 
[Drainage  area,  1,800  square  miles.] 


Date. 


January  9... 
January  10.. 
January  11.. 
January  12.. 
February  3.. 
February  4.. 
Februar>'  5 . . 
February  6. . 
Februar>'  7 . . 
Februar>'  8.. 
February  16. 
February  17. 
Fobruar>'  18. 
Febniar>'  19. 
Fcbniary  27. 
February  28. 

March  1 

March  2 

March  3 

March  4 

March  5 

March  6 


Dis- 
charge. 


80 

3,162 

1.080 

357 

287 

910 

910 

1.310 

560 

370 

200 

4,760 

5,060 

180 

340 

4,010 

3,410 

2,360 

2,510 

2,510 

2,660 

460 


Date. 


March?.. 

March  8. . 

March  9.. 

March  16. 

March  17. 

March  18. 

March  19. 
I  March  20. 
j  March  21. 
I  March  22. 
1  March  23. 
I  March  24. 
I  March  25. 
1  March  26. 
I  March  27. 
j  March  28. 
I  March  29. 
I  March  30. 
i  March  31 . 
I  April  1... 

April  2... 

April  3... 


Dis- 
charge. 


910 
2,120 

325 

230 
3,092 
2,164 
1,700 
2,280 
1,590 
1,480 
1,480 
1,290 
1,110 
1,110 
1,020 

885 

800 

602 

642 

681 
1.15.5 
2,048  li 


Date. 


AprU4.. 
Aprils.. 
April  6.. 
April?.. 
April  8. . 
April  9.. 
April  10. 
April  11. 
April  12. 
April  13. 
April  14. 
April  15. 
April  16. 
April  22. 
April  23. 
April  24. 
April  25. 
April  26. 
April  27. 
April  28. 
April  29. 
April  30. 
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^  OILA  BITER   NKAR   SOLOMONSVILLE,  ARIZ. 

For  20  miles  below  the  mouth  of  the  San  Francisco  the  Gila  flows  in  a  canyon.  About 
10  miles  above  Solomonsville  the  topography  changes,  and  from  this  place  to  a  point  6  miles 
below  S«:i  Carlos — nearly  70  miles — the  river  flows  in  a  fertile  valley  where  irrigation  ditches 
take  water  from  it  on  both  sides.    This  is  one  of  the  finest  irrigated  portions  of  Arizona. 

Great  damage  was  done  in  this  valley  by  the  floods  of  1905.  The  banks  of  the  river  are 
composed  of  sandy  loam  which  is  easily  eroded,  and  several  hundred  acres  of  land  were 
washed  away.  The  stream  bed  was  doubled  or  trebled  in  width  by  these  floods  and  is  now 
strewn  with  uprooted  trees  that  before  the  flood  grew  along  the  banks.  On  some  areas  that 
were  protected  from  the  direct  scouring  action  of  the  current  material  has  been  deposited 
to  depths  ranging  from  6  inches  to  4  feet,  destroying  the  land  for  agricultural  purposes.  The 
irrigation  works,  especially  the  ditches,  were  badly  damaged,  many  orchards  and  fields  of 
alfalfa  were  destroyed  or  badly  injured,  the  railway  bridge  at  San  Carlos  was  washed  away 
in  January,  the  railway  along  the  river  was  damaged  several  times  at  many  places,  and 
traffic  was  interrupted  for  the  greater  part  of  the  time  from  January  10  to  April  15. 

During  the  flood  of  January  11  the  Gila  rose  very  rapidly  in  the  vicinity  of  Solomonsville 
and  overflowed  all  the  land  below  the  level  of  the  Montezuma  canal.  It  overflowed  the 
river  bank  above  the  heads  of  this  canal,  flowed  through  the  city,  and  before  the  canal  could 
be  cut  to  allow  the  water  to  pass  back  into  the  river  many  adobe  houses  were  destroyed. 

Tlie  gage  at  the  gaging  station  at  San  Carlos  was  washed  away  on  January  10  at  a  river 
stage  of  5i  feet  above  ordinary  water.  A  new  gage  was  put  in  February  1  and  during 
February  the  stage  varied  from  1.8  feet  to  9  feet.  This  gage  was  washed  aw|y  March  17 
at  a  stage  of  8  feet.  The  bed  of  the  stream  was  changed  so  much  during  these  floods  that 
reasonably  accurate  estimates  of  the  daily  rate  of  flow  at  this  place  can  not  be  given. 

The  daily  rate  of  flow  from  June  27  to  July  14  varied  from  4  to  6  second-feet.  The  maxi- 
mum rate  of  flow  during  these  floods  was  5,060  second-feet,  or  2.8  second-feet  per  square 
mile. 

A  lai^  amount  of  damage  was  done  by  these  floods  in  the  vicinity  of  Clifton,  Ariz..  The 
steel  railway  bridge  across  the  river  was  swept  away,  the  roadbed  was  damaged,  and  traffic 
interrupted  for  several  days,  a  few  small  buildings  were  swept  away,  and  th^  smelters  along 
the  river  were  damaged. 

SAN   PEDRO  RIVER. 

The  San  Pedro  enters  the  Gila  from  the  south  at  Dudleyville,  Ariz.  The  total  area 
drained  by  it  is  3,456  square  miles.  The  greatest  rate  of  flow  in  January  was  124  second- 
feet,  in  February  235  second-feet,  in  March  668  second-feet,  and  in  April  145  second-feet. 
As  this  gaging  station  is  about  110  miles  above  the  mouth  of  the  river,  these  figures  afford 
little  indication  of  the  rate  of  flow  at  the  mouth. 

SALT  RIVER. 

Salt  River  is  the  laigest  tributary  of  the  Gila,  whichit  enters  from  the  north  14  miles  west 
of  Phoenix,  Ariz.  Its  principal  tributaries  are  the  Verde ,  entering  from  the  north  at  McDow- 
ell, and  Tonto  Creek,  entering  from  the  north  at  Roosevelt.  The  basin  of  the  Salt  above  the 
mouth  of  the  Verde  is  mountainous,  with  deep  canyons  and  very  steep  slopes. 

Tlie  precipitation  at  places  in  this  basin  during  January-April  is  given  on  page  39. 
IKR  162—06 1 
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The  daily  rate  of  flow  during  the  floods  of  these  four  months  as  measured  at  the  gaging 
station  at  Roo^velt,  Ariz.,  is  given  in  the  following  table: 

Daily  discharge,  in  aecond-feety  of  Salt  River  at  RooseveUf  Ariz,,  during  fiood^  of  January- 

AprU,  1906. 


Date. 


charge. 


Date. 


Di»- 
i  charge. 


Janiwrj'0 346 

Januar>' 10 5,900 

Jamiar>' 11 12.300 

Junuary  12 9. -WO 

Januray  13 4,000. 

Januar)'14 2,400 

Jannarj' 15 1.685  1 

Januar>- 16 '  1.513  I 

J  anna  r>' 17 1,341, 

J  anna r>' 18 1,170 

J  an  nary  19 999 

February  2 625 

Febrnar>' 3 3.900 

Febniary4 31.100 

Febniar)'5 18.800 

Febniar)'  6 16, 700 

Febniarj'7 8.250' 

Febniar>'8 4.500 

Febrnar>-  9 3. 145 

February  15 2,867 

February  16 4,040  ' 

February  17 21,550 

Februarj-  IS 20. 450  , 

February' 19 7.000 

Febniary  20 4.800 

February  27 4.400 

Feb^lar^'  28 27. 5.'iO 


March  1. 
March  2. 
March  3. 
March  4. 
MarL^h5. 
March  6. 
March  7. 
March  8. 
March  9. 
March  10 
March  11 
March  12 
March  13 
March  14 
March  15 
March  16 
March  17 
March  18 
March  19 
March  20 
March  21 
March  22 
Manh  23 
March  24 
March  25 
Man«h2ti 
Man-h  27 


I 


17,100 

12,150 

9.250 

8,925 

11,300 

11,330 

11,220 

11,000 

11,220 

11,540 

11,500 

8,200 

22,050 

38,700 

17,600 

12,150 

39,800 

36,550 

23,200 

44,400 

23,440 

11,940 

9,524 

9,895 

8,040 

7,860 

7,480 


Date. 


chargp. 


March  28. 
March  29. 
March  30. 
March  31. 
April  1... 
April  2... 
Aprils... 
April  4... 
I  April 5... 
April  10.. 
April  11.. 
April  12.. 
April  13. . 
April  14.. 
April  15.. 
April  16.. 
April  17.. 
April  23. . 
April  24.. 
April  25.. 
April  20.. 
April,  27  . 
April  28. . 
April  29.. 
April  30.. 


6.000 
6,  no 
7,300 
7,548 
8,(W 
9,819 
12,030 
8.937 
8,937 
20, 0« 
43,350 
45,4iO 
20,370 
14,010 
10.630 
8,864 
8,777 
11.500 
12,730 
12.500 
11,160 
10,800 
9,906 
9,370 


Note.— The  <iaily  (lischarifo  during  May  varied  gradually  from  9,350  to  1,950  second-feet. 

The  tal)lo  shows  one  flood  in  January,  three  in  February,  four  in  March,  and  three  in 
April.  The  largest  of  these  floods  o<Turred  April  13.  The  rate  of  flow  was  45,470  second- 
fei»t,  or  7.9  second-feet  jx^r  square  mile;  on  March  20  the  daily  rate  was  44,400  second-feet, 
nearly  as  large  as  on  April  13.  The  highe^st  stage  during  these  four  months  at  this  station 
WU.S  23.5  feet  and  the  lowe.st  6.9  feet. 

The  following  table  gives  the  greatest  daily  rate  of  flow  of  Salt  River  at  Roosevelt  each 
year,  from  1889  to  1905: 
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Maximwf.  daUy  dMunytf  in  seeond-feetf  ofSaU  River  at  Roosevelt,  Ariz.,  1880-1906 A 
[Drainage  area,  5,756  square  miles.] 


Year. 

1889... 
1880... 
^»\... 
U02... 
UM... 
1805... 
18M... 
1»7... 
1896... 
1890... 


Month. 


Dischaxge. 


Maitdi.... 
February. 
February. 
October. . . 
March.... 
January.. 

July 

January.. 
August... 
.August... 


18,930 

71,640 

150,000 

770 

1,430 
46,810 

5,530 
10,420 

1,210 

3,330 


Year. 


Month. 


1900... 
1901... 
1902... 
1903... 
1904... 
1905... 
1905... 
1905... 
1905...' 
1905... 


November. 
February.. 

August 

April 

August.... 
January... 
February.. 

March 

April 

November. 


Discharge. 

2,220 

4,170 

4,680 

2,060 

14,700 

12,300 

27,550 

44,400 

45,470 

97,710 


a  This  station  is  described  in  Water-Supply  Paper  No.  100,  p.  42. 

According  to  these  records,  the  greatest  daily  rate  of  flow  during  these  seventeen  years 
was  nearly  26  second-feet  per  square  mile  in  February,  1891. 

Tlie  following  table  gives  the  maximum,  minimum,  and  mean  monthly  run-off  of  the 
Salt  and  Verde  rivers  for  January- April,  1905,  and  for  the  same  months  of  1891 : 

Comparison  of  floods  of  1891  a  and  1906  6  on  Salt  River  at  Roosevelt  and  on  Verde  River  ai 

McDowell t  Ariz. 

SALT  RIVER  AT  ROOSEVELT. 
[Measurements  in  second-feet.] 

'         Maximum.        I         Minimum. 


Date. 


1891. 


January 8, 900 

Febnuiry 150,000 

March '        4,970 

April 2,180 

Mean,  January-April ^ 

Acre-feet.  January-April 


1905. 


12,300 
27,650 
44,400 
45,470 


1891.      I      1905. 


551 

413 

753 

1,654 


165 

526 

6,000 

6,495 


Mean. 
1891.     I     1905. 


1,777 
19,408 
2,768 
1,922 
6,467 
1,471,000 


1,611 
8,207 
15,300 
12,650 
9,417 
2,242,000 


VERDE  RIVER  AT  McDOWELL. 


I 


January I       7,190 

Febraary 135,000  ' 

March I        3,460 

April '  606  I 

Mean,  January-April ! i 

Acre-feet,  January-April ! 


10,060  ! 
32,970 
29,410  I 
32,140  ! 


445 
371 
525 
450 


241 

1,887 
1,411 


1,435 
17,467 
1,928 
534 
5,341 
1,209.000 


I 


1,410 
7,709 
8,780 
5,227 
5,784 
1,366,000 


"Prepared  from  data  Water  Supply  and  Irrigation  Paper  No.  73, pp.  14  and  26. 

^Discharge  obtained  by  talcing  proportional  part  of  discharge  of  Salt  River  at  Arizona  dam. 

TTie  maximum  daily  rate  of  flow  of  l)Oth  Salt  and  Verde  rivers  was  more  than  three 
times  as  great  in  February,  1891,  aa  at  any  time  during  the  period  January- April,  1905, 
but  the  total  flow  of  Salt  River  below  the  mouth  of  the  Verde  was  1.24  times  greater  dur- 
ing the  period  January- April,  1905,  than  during  the  same  period  of  1891. 

VERDE   RIVER. 

The  precipitation  in  the  drainage  basin  of  the  Verde  during  tVie  moTvl\\a  ^«b\v>3Ar3-K.\f<c\ 
do  be  seen  from  the  table  on  page  39.    The  daily  rate  of  Ho^  doxix^  \\ic»^  ^o^^^  «& 
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measured  at  the  gaging  station  at  McDowell,  near  the  mouth  of  the  riyer,  is  given  in  the 
following  table: 

Daily  discharge^  in  secondr-feelf  of  Verde  River  at  McDoweUy  Ariz.,  during  floods f  January  to 

April,  1905, 


Date. 


January  9 

January  10... 
January  11.. 
January  12... 
January  13. . 
January  14.. 
January  15.. 
January  16.. 
January  17.. 
January  18.. 
January  19.. 
February  2.. 
Februarys.. 
February  4.. 
Februarys.. 
February  6.. 
February  7.. 
Februarys.. 
February  9.. 
February  15. 
February  16. 
February  17. 
Febniary  18. 
February  19. 
February  20. 
February  21 . 


Dis- 
charge. 


285 

8,674 

10,060 

7.394 

2,379 

1,400 

1.100 

860 

755 

1,100 

944 

507 

968 

32,970 

32.970 

19,310 

9.743 

5,400 

3,750 

l,4a3 

1.367 

4,950 

9.767 

8.641 

6,130 

5,004 


Date. 


Dis- 
charge.! 


February  22. 

February  23. 

February  24. 

Febniary  25. 

February  26. 

February  27. 
j  February  28. 

I  March  1 

I  March  2 

■  March  3 

I  March  4 

j  March  5 

I  March6. #... 

i  March  7 

'  March  8 

j  March  9 

'  March  10.... 
I  March  11.... 
i  March  12.... 
'  March  13.... 
j  March  14 

March  15 

I  March  16 

I  March  17.... 

:  March  18 

'  March  19.... 


4,311  I 
5,610  I 
12,170  I 
6,126  I 
4,572  j 
4.650  I 
21,050  I 
25.130  I 
10,580  ' 
8,800  I 
8,107 
7.414  ' 
5,928  I 
5.276  I 
4,884 
3.946  I 
3,289 
2.617  • 
2,539  ' 
7,612 
25,500  ' 
10,580  i 
10,780  ' 
29,410 
23,460  ' 
12,120  , 


Date. 


I    Difl. 
chaijge. 


I 


March  20. 
March  21. 
March  22. 
March  23. 
March  24. 
March  25. 
March  26. 
March  27. 
March  28. 
March  29. 
March  30. 
March  31. 
April  10. . 
April  11.. 
April  12.. 
April  13.. 
AprilH.. 
April  15.. 
April  16.. 
April  17.. 
April  18.. 
April  19.. 
April  20.. 
April  21.. 
April  22.. 


10,630 
9,368 
8.110 
6,8S3 
5,504 
5,070 
4,7J& 
3,91Q 
3,077 
2,770 
2,158 
/,«7 


6.433 
32,140 
24,640 
15,160 
13,720 

lo.no 

7,566 
5.471 
3.63B 
2,337 
1.803 
1,617 


The  greatest  daily  rate  of  flow  during  these  four  months  at  this  place  was  about  33,000 
second-feet,  on  February  4  and  5.  The  greatest  daily  rate  per  square  mile  during  this 
period  was  5.5  second-feet,  and  the  stage  varied  from  1  foot  to  13.25  feet. 

The  monthly  and  total  run-off  at  this  station  for  these  four  months  were  given  on  page  45. 

The  following  table  gives  the  greatest  daily  rate  of  flow  of  the  Verde  River  n^r  its  mouth 
each  year  from  1889-1905: 

Maximum  daily  discharge,  in  second-feet,  of  Verde  River  at  McDowell,  Ariz.,  1889-1905.^ 
[Drainage  area,  6,000  square  miles\] 


Year.  I 


Month. 


Discharge.  I  Year. 

I 

1889....    March 13,180  1899... 

1«K)....    February r»4,480  ,  1900... 

1891.... I  February i;t.-).(X)0  1901... 

1894....'  March 99f.  1903... 

1895. ....  January '  33,000  j  1904... 

1896....    August I  5,320  19a5... 

1897.... j  January 15,690  'l9a>... 

1898....!  Julv '  1,890  1  19a5... 


Month. 


Discharge. 


()ctol)er... 
Novenil^r 
February. 

April 

July 

February. 

-Vpril 

Noveinl)er 


3,770 
2,470 
6,610 
»  95,000 
6,080 
32,070 

32,1* 
6l,4i50 


oThis  station  ia  describo<l  in  Wator-SwppW  Va\>eT  No.  lOU,  p.  31. 
*  Gaga  height,  19  feet.    Discharge,  >4pMi*rcL  ^l^5,W0  aecoTvA-ie&X. 
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ing  to  these  records  the  greatest  daily  rate  of  flow  at  this  station  during  these 
I  years  was  about  23  second- feet  per  square  mile  in  February,  1891. 


GILA   RIVER   AT   IX)ME,  ARIZ. 


(lowing  table  gives  the  daily  discharge  of  the  Gila  at  Dome  (Gila  City),  Ariz., 
from  the  mouth  of  the  river,  for  January -May,  1905: 

"harqe,  in  ftecond-feet,  of  Gila  Rit^r  at  Dome,  Ariz.,  for  period  January-May,  1906. 


Day. 


January. 


Febru- 
arj'. 


March.  ,    April.         May. 


0 

80 

0 

0 

0 

0 

0 

0 

0 

280 

0 

2,200 

0 

20,800 

0 

82,000 

0 

35,800 

40 

14,900 

2,220 

6,900 

2,600 

2,920 

2,840 

60 

2,960 

1,920 

4,r>80 

300 

18,600 

0 

26,000 

140 

10,200 

230 

5,6,% 

24,800 

3,690 

42,800 

3,»)0 

45,200 

2,560 

40,200 

1,990 

630 

1,660 

300 

1,460 

900 

1,290 

9,250 

1,180 

5,150 

1,020 

.5,300 

830 

.•560 

_!_ 


310    ... 

J 95.400       343,080; 

1 ; 3.077'       12,250  I 

-off,  In  acre-feet 1W.200  I    (i80.30() 


5,150 

6,800 

21,500 

6,800 

34,000 

6,000 

11,800 

7,300 

5,000 

8,500 

3,050 

12,400 

1,050 

13,800 

450 

9,000 

370 

8,100 

300 

8,500 

5,000 

9,000 

10,000 

8,500 

3,800 

22,000 

3,500 

64,000 

10,300 

34,000 

39,000 

23,000 

20,000 

15,300 

27,800 

10,900 

62,000 

8,300 

95,000 

6,200 

2.'>,500 

5,150 

20,000 

6,400 

18,000 

8,300 

16,100 

7,900 

14,500 

9,250 

13,100 

12,750 

11,800 

12,100 

10,600 

13,100 

*9,500 

12,750 

8,  .500 

11,200 

7,700 



514.370 

387,300 

16,590 

12,910 

020,000 

768,200 

9,500 
8,100 
8,500 
7,700 
6,000 
6,400 
6,000 
5,000 
5,000 
5,000 
4,100 
5,600 
5,000 
4,400 
4,700 
5,000 
5,000 
4,700 
3,800 
4,400 
3,800 
4,100 
4,400 
3,800 
3,500 
3,500 
3,500 
3,300 
2,800 
2,350 
2,150 


I   .   151.100 

I  4.874 

I      299.700 


ble  shows  one  flood  in  January,  two  in  February,  two  in  March,  and  one  large 
imall  ones  in  April.  Tlic  greatest  rate  of  flow  was  95,(XX)  socond-fect,  on  March  20. 
flood  in  February  is  more  cliaracteristie  of  floods  on  this  stream  than  any  of  the 
They  are  generally  of  short  duration,  the  rise  and  fall  being  very  rapid.  The 
inued  rains  of  this  period  gave  a  character  to  these  floods  not  unlike  that  of  streams 
ttem  part  of  the  country. 

tal  run-off  for  the  five  montlis  is  2,957 ,4(X)  acre-feet.     To  appreciate  the  mag- 
the  run-off  on  this  stream  during  tliis  period  it  is  necessary  to  remember  that 
m  is  usually  dry  at  this  place  alK)ut  ten  months  of  the  year. 


i 
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The  stream  at  this  place  was  about  4  feet  higher  during  the  great  flood  of  Fe 
1891,  than  during  this  flood.  The  rate  of  flow  of  the  river  for  a  given  gage  height  ( 
greatly  at  this  station.  On  February  8,  1905,  the  rate  was  found  to  be  82,000  secc 
for  a  gage  height  of  16.95  feet;  on  March  ^20  it  was  found  to  be  95.000  second-fei 
gage  height  of  13.1  feet  The  bod  is  sandy  and  not  only  scours  out  dnring  a  flc 
fills  in  after  it,  but  the  channel  changes  from  one  side  of  the  bottom  to  the  othc 
width  when  the  stream  is  flowing  is  generally  not  more  than  100  feet,  but  during 
these  floods  the  whole  bottom  was  flooded;  thou.sands  of  acres  of  land  that  were 
with  arrowwood,  mesquite,  and  cottonwood  before  the  floods  are  now  part  of  tl 
bed  or  bare  mud  flats.  This  continual  changing  of  the  river  bed  has  made  it  exc< 
difficult  to  secure  reliable  estimates  of  the  rate  of  flow,  and  some  of  the  estimates 
largely  in  error. 

The  damage  done  by  the  floods  along  the  lower  Gila  consisted  mainly  in  washic 
large  areas  of  good  land  along  the  river,  some  of  which  was  under  cultivation. 


The  following  table  gives  the  monthly  and  total  flow  in  acre-feet,  January-Apri 
at  four  of  the  gaging  stations  in  this  basin : 

Monthly  and  total  discharge  f  in  second-feet,  at  stations  in  Oila  River  hasin,  January- Apr 


Stream.                               Place. 

January. 

Febru- 
ary. 

March. 

April. 

San  Francisco Alma,  N.  Mex 

17,340 
87,250 
99,060 
189,200 

43,870 
428,100 
455,800 
680,300 

79,260 

539,900 

940,800 

1,020,000 

72,830 
311  000 

Verde                         .  .   McDowell,  Ariz     .     . 

Salt Roosevelt,  Ariz 

746,800  ' 
768,200 

Qila ..     Dome,  Ariz 

The  flow  at  the  Arizona  dam  is  approximately  the  sum  of  the  volumes  of  flov 
Salt  at  Roosevelt  and  the  Verde  at  McDowell,  which  is  3,608,000  acre-feet.  Tl 
flow  at  this  place  is  al)out  1.36  times  the  volume  of  flow  for  the  same  period  at 
near  the  mouth  of  the  Gila. 


COLORADO  RIVER  AT  YUMA,  ARIZ. 

The  gaging  station  at  Yuma  is  l)elow  the  mouth  of  the  Gila,  and  the  records  the 
the  combined  flow  of  the  Gila  and  upper  Colorado.  The  Ilardyville  station  is  ab 
miles  al)ove  Yuma.  The  only  comparatively  largo  stream  entering  between  these 
is  Williams  River.  Along  the  Colorado  between  these  stations  there  are  from  201 
225,000  acres  of  lowlands  subject  to  overflow  during  floods.  Overflow  of  these  1 
begins  at  a  gage  height  of  about  24.5  fcet,a  Yuma  gage.  The  Colorado  reached 
of  24.85  feet  at  Yuma  (8  feet  Ilardyville  gage)  on  May  23  and  remained  above  2 
until  July  5.     These  lowlands  were  therefore  fl(K)ded  lor  about  forty-five  days. 

oSecoDd  Ann.  Kept.  U.  S.  Uccluinutiun  Service,  p.  ISO. 
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The  following  table  gives  the  daily  rate  of  flow  of  the  Colorado  at  Yuma  from  January  1 
toJuiySl,  1905: 

IM/dMiargef  in  second-feet,  of  Colorado  River  at  Yuma  for  the  period  January-July^  1906. 

May. 


Day. 


I. 
3.. 
4.. 

5.. 
«.. 
7.. 
8.. 
9.. 
10.. 
11.. 
12.. 
13.. 
If. 
15.. 
W.., 
17... 
18... 

21... 
22... 
2S... 
24... 
25... 

as... 

27... 


January. 


2d 

30 

31 

Mean  run-off... . 
Per  square  raile. . 
Depth  in  inches.. 
Acre-teet 


3,750 
3,750 
3,800 
3,085 
4,300 
4,570 
4,700 
4,500 
4,170 
16,000 
6,400 
6,300 
6,350 
7,000 
8,370 
8,600 
20,100 
27,500 
19,300 
12,120 
9,300 
10,170 
7,863 
7,900 
7,025 
6,770 
6,250 
5,730 
5,400 
5,070 
4,900 
8,130 
0.0361 
0.042 
499,900 


February. 


5,800 
6,054 
6,500 
6,632 
9,800 
16,560 
9,400 
62,080 
82,820 
52,580 
37,320 
29,700 
22,800 
21,900 
22,500 
18,610 
14,600 
16,490 
31,500 
47,000 
54,200 
54,730 
32,990 
21,990 
18,850 
30,500 
27,730 
25,000 


March. 


28,100  I 
0.125 

0.130  I 

1,561,000  1 


I 


29,070 
39,260 
70,170 
70,200 
51,100 
44,310 
44,100 
43,100 
36,400 
34,400 
38,620 
42,000 
38,870 
32,000 
36,720 
60,640 
65,820 
62,400 
73,440 
110,800 
103,500 
91,200 
76,930 
58,600 
43,050 
34,600 
31,020 
29,500 
26,900 
24,390 
23,500 
50,540 
0.225 
0.259 
3,108,000 


April. 


20,690 
20,100 
19,480 
19,450 
21,000 
30,100 
29,840 
25,800 
24,800 
24,900 
23,000 
26,100 
45,800 
93,800 
97,500 
70,100 
45,000 
43,600 
45,050 
43,400 
39,500 
35,900 
33,900 
31,690 
33,000 
37,160 
41,630 
39,000 
35,000 
38,700 
59,020 
37,830 
0.108 
0.187 
2,251,000 


41,520 
39,700 
39,700 
37,280 
37,100 
37,410 
38,000 
40,050 
46,000 
49,200 
52,000 
48,000 
38,840 
37,800 
37,300 
37,320 
37,000 
33,910 
34,200 
34,580 
35,700 
37,000 
38,400 
41,500 
43,700 
45,300 
-  47,600 
51,100 
54,810 
56,300 
59,020 
42,170 
0  187 
0.2in 
2,593,000 


Jun<*. 


61,500 
65,300 
68,160 
67,900 
67,600 
67,600 
69,500 
72,930 
70,300 
69,600 
71^000 
72,590 
76,000 
82,020 
82,000 
83,000 
86,000 
88,500 
94,320 
91,500 
92,400 
92,400 
89,800 
84,800 
82,000 
77,610 
73,500 
68,500 
64,370 
61,500 


76,470 

0.340 

0.379 

4,550,000 


1 


July. 


57,800 
55,500 
50,640 
45,000 
44,950 
42,400 
40,100 
37,200 
35,500 
32,960 
32,100 
31,720 
30,870 
29,500 
27,710 
28,300 
31,100 
25,300 
22,320 
22,250 
22,000 
21,500 
20,900 
20,800 
20,650 
20,460 
19,700 
18.910 
17,200 
17,500 
16,750 
30,310 
0.135 
0.156 
,864,000 


There  were  two  flood  periods  in  January — one  that  reached  a  rate  of  16.090  second-feet 
tiJthe  lOlh  and  uiif  that  reached  a  rate  af  27,*']00  i^vunil-ft^L't  uu  llii^  iMli-  two  floods  in 
P&bruary — one  that  reached  a  rate  of  82,800  second -feet  on  the  9th  and  one  that  reached 
a  rate  of  54,730  second-feet  on  the  21st;  two  floods  n  \Jarf'h— orn*  that  reached  a  rate  of 
70,170  second-feet  on  the  4th  and  one  that  Ti*Hi:hfd  a  rate  of  110,800  sccond-fcct  on  the  20th; 
one  in  April,  that  reached  a  rate  of  97,500  second-feet,  one  in  May,  with  a  rate  of  52,000 
second-feet;  and  one  in  July,  with  a  raa.\imum  rate  of  94,300  second-feet.  The  flood  in 
July  came  from  the  upper  €ijloiinJ">  all  the  others  came  from  the  Giia,  as  can  be  seen 
from  the  records  at  Dome  and  Hardy  ville.  The  daily  flow  at  this  station  for  this  perio<i  is 
shown  on  fig.  8.  The  highest  stage  of  water  at  the  Yuma  gage  during  these  floods  was 
30.3  feet,  on  March  20,  when  the  rate  of  flow  was  1 10,800  second-feet  or  0.49  second-foot 
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per  square  mile.  The  highest  stage  of  water  at  the  Yuma  gage  during  the  great  flood  on 
the  Gila  in  1891  was  33.2  feet.  The  greatest  flow  from  the  Colorado  above  Yuma  was 
92,400  second-feet,  on  June  21. 
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Fio.  8.— Diagram  showing  flood  flow  of  Colorado  and  Gila  rivers. 

The  flood  of  1903  on  the  Colorado  above  Yuma  is  regarded  as  one  of  the  largest 
to  that  date.  In  the  following  table  the  monthly  run-off,  in  acre-feet,  during  the 
1903  and  1905  arc  compared. 


recorde 
floods  < 


COLORADO   RIVER   BASIN. 


51 


he  foHowing  table  gives  a  comparison  of  run-off  in  acre-feet  of  Colorado  River  at  Yuma 
hg  the  floods  of  1903  and  1905: 

Flow  of  Colorado  River  at  Ftima,  Ariz.y  in  acre-feet,  during  foods  of  1903  and  1905. 


Month. 


117. 
B&ry 


1903. 

189,935 
187,271 
376,120 
852,456 
2,074,284 


Month. 


499,900   I  June. 
1.561,000  !|  July. 


3,108,000 
2,251.000 


2,503.000 


Total. 


1903. 


3,162,526 
2,304,494 


9,147,066 


1905. 


4,550,000 
1.864,000 


16,426,900 


«  run-off  for  these  seven  mqpths  was  1.8  times  greater  in  1905  than  in  1903. 

le  following  table  gives  the  greatest  daily  rate  of  flow  at  this  station  each  year  from 

to  1905: 

mum  daily  rate  of  flow,  in  second-feet^  of  Colorado  River  at  Yuma,  Ariz.,  1894-1905.a 


Date. 


June  15. 
May  23. . 

June  9.. 

j do.. 

June  27. 


I 


.  June  29. 
.;  June  10. 
.|  July  1.. 
,.i  May  26.. 


Discharge.  1  Year. 


34,700 
35,550 
38,100 
55,300 
33,100 
52,700 
54,400 
63,450 
59.200 


1903. 
1904. 
1905. 
1905. 
1905. 
1905.. 
1905.. 
1905. 


Date. 


June  28 

June  7 

February  9.. 

March  20 

April  15 

May  31 

June  19 

November  30 


Discharge. 


72,219 
51,170 
82,820 

110,800 
97,600 
50,000 
94,320 

102,700 


a  This  station  is  described  in  Water-Sui      ,  _  . 

*  Discharge  prior  to  1902  was  obtained  from  the  station  rating  curve 


and  Irrigation  Paper  No.  133.  p.  25. 
ofl««. 


le  valley  immediately  above  and  below  Yuma  contains  about  100,000  acres  of  irrigable 
,  and  about  75,000  acres  were  covered  by  these  floods.  The  damage  done  by  the  floods 
«  Yuma  Valley  proper — that  portion  on  the  east  side  of  the  river  below  Yuma — was 
lated  as  follows: 

Damage  done  in  Yuma  Valley  hy  flood  on  Colorado  River  in  1905. 

» 150,000 

es,  small  levees  land  along  ihe  river,  clc 10,000 

ings 10,000 

s 10.000 

Total IjO.OOOl 

e  town  of  Yuma  is  well  protected  by  levees,  built  by  the  Government  alter  the  great 
of  the  Gila  in  1901. 


52 


DESTRUCTIVE   FLOODS   IN    UNITED   STATES    IN    1905. 


FLOOD  IN  GILA  BASIN,  NOVEMBER,  1905. 

There  was  a  short  but  very  large  flood  in  the  Gila  from  November  27  to  Decembei 
The  rate  of  flow  and  damage  done  far  exceeded  that  during  the  spring  floods. 

PRECIPITATION. 

The  precipitation  for  the  month  of  November  in  Arizona,  as  determined  by  the  Un 
States  Weather  Bureau  at  56  stations,  was  nearly  4  inches  above  the  average  for  Noveni 
There  were  three  wet  periods,  one  from  the  4th  to  the  9th,  a  second  from  the  20th  tc 
23d,  and  the  third  from  the  26th  to  the  28th.  It  was  the  rain  of  the  third  period  that  cai 
the  flood.  The  daily  precipitation  from  the  26th  to  the  28th  and  the  total  precipitatioi 
the  month  are  given  in  the  following  table  for  26  places  in  the  Gila  and  Little  Colo 
drainage  basins: 

Daily  precipitation  in  Gila  and  Litde  Colorado  River  hasiUs  November  $!6-28, 1905,  in  in 


Placo. 


Jerome,  Ariz 

Preacott,  Ariz 

Seligman,  Ariz 

Alma,  N.  Mex 

Young,  Ariz 

Alpine,  Ariz 

Fort  Apache,  Ariz 

Phoenix,  Ariz 

Deming,  N.  Mex 

Fort  Bayard,  N.  Mex. 

San  Carlos,  Ariz 

Cambray,  N.  Mex 

Dudley ville,  Ariz 

Lordsbiirg.  N.  Mex  . . . 

Mesa,  Ariz 

Luna,  N.  Mex 

Buckeye,  Ariz 

Maricopa,  Ariz 

Yuma,  Ariz 

Roosevelt,  Ariz 

Benson.  Ariz 

Duncan,  Ariz 

Holbrook.  Ariz 

Kingman.  Ariz 

FlagstufT,  Ariz 

Tuba,  Ariz 


November. 


26. 


1.00 
1.62 
.82 


2.10 
.83 
1.45 
1.02 
.68 
1.30 
1.40 


.80 


1.24 
1.05 
1.10 

.89 
1.14' 
Tr.     I 

.:i2J 

1.01  I 

.48  ' 
.98  ! 
.12  I 


27. 

28. 

2.20 

O.SC 

1.90 

.61 

.61 

1.10 



1.10 

.26 



.45 

Tr. 

.49 

.01 

Tr. 

.20 



1.00 



.85 

.62 

.61 

.14 

.06 

Tr. 

1.02 

.02 

.58 

.18 

2.16 

.46 

.05 

.05 

.10 

.55 

1.74 

.60 

.76 

.06 

iMor 

Sum.     N01 

I     b 


3.70  I 
4.13  I 
1.43 
1. 10  I 
3.25 
1.09  ; 
1.90 
1.51  I 

.69 
1.30  , 
1.60 
1.00 
2.27 

.61 
1.38 
1.11 
2.14 
1.65 
1.14 
2.62 

.32 

.95 
1.11 
1.03 
3.32 

.94 


It  can  he  seen  from  the  al)ovc  table  that  the  prcKupitation  at  t  he  headwaters  of  Gila, 
and  Verde  rivers  was  from  2  to  4  inches  for  the  three  day.s,  November  26-28. 
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FIX)W. 

TTie  following  table  gives  the  daily  rate  of  flow  of  Colorado  River  at  Yuma,  Gila  River  at 
Dome  and  Cliff,  the  Salt  at  Roosevelt,  and  the  Verde  at  McDowell  during  this  flood: 

Daily  discharge  f  in  gecondrfeetf  of  Colorado ,  OikLf  -Soft,  and  Verde  rivers  during  flood  of  Novem- 
ber and  December,  1905. 


Date. 


November  26 
Ho?ember27 
November  28 
November  29 
Noremberao 
Ommberl.. 
Il«mber2.. 
DaeemberS.. 
December  4.. 
Dmmber5.. 
December  6.. 


Colorado 

River  at 

Yuma, 

Arix. 


6,580 
6,650 
24,500 
62,500 
102,700 
77,360 
37,160 
40,200 
35,000 
28,650 
23,300 


Gila  River 

at  Dome, 

Ariz.a 

Gila  River 
at  Cliff, 
N.  Mex. 

Salt  River 
at  Roose- 
velt, Ariz. 

Verde 

River  at 

McDowell, 

Colo. 

180 
480 
780 
95,000 
36,900 
30,700 
24,400 
18,200 

419 
13,640 
9,835 
6,700 
4,515 
3,190 
2,387 

2,150 
97,710 
45,250 
14,050 
9,480 
8,700 
4,700 

1,610 
61,460 
13,120 
5,520 
4,240 
3,280 
2,400 

11,900 

5,700 

5,000 

•The  stream  was  dry  at  this  place  from  July  20  to  Scptcmtier  13,  and  from  October  19  to  November 
13.1W5. 

Note.— nighest  stage  at  Yuma,  January-April.  1905,  was  30.3  feet  on  March  20. 

The  greatest  daily  rate  of  flow  of  the  Colorado  at  Yuma  during  this  flood  was  102,700 
•cond-feet,  only  about  8,000  second-foet  less  than  the  daily  rate  on  March  20,  1905. 

The  flow  of  the  Gila  at  Dome  reached  a  daily  rate  on  November  26  of  about  95,000 
iMood-feet,  the  same  as  on  March  20,  1905,  and  the  same  as  the  greatest  daily  rate  during 
ipriog  floods  on  this  stream. 

The  flow  of  Salt  River  at  Roosevelt  reached  a  daily  rate  of  97,710  second-feet  on  the 
27th,  which  is  more  than  twice  as  great  as  the  greatest  rate  of  flow  at  this  place  during 
the  spring  floods  of  1905.  The  water  at  this  place  rose  to  a  stage  of  35.8  feet — that  is, 
13  feet  above  that  on  April  13,  1905,  when  the  rate  of  flow  was  the  greatest  during  the 
spring  floods.  The  mean  daily  stage  on  November  27  was  26.7  feet — that  is,  about  9 
feet  less  than  the  maximum  stage  for  that  day.  The  maximum  rate  of  flow  on  the  morn- 
ing of  the  27th  is  estimated  to  have  been  148,000  second-feet. 

The  greatest  daily  rate  of  flow  of  the  Verde  at  McDowell  was  61,460  second-feet  on  Novem- 
ber 27,  which  is  nearly  twice  as  great  as  the  greatest  daily  rate  reached  during  tlio  spring 
floods  of  1905. 

In  places  where  the  canyon  was  narrow  the  water  rose  to  a  height  of  40  feet  above  low 
water.  Verde  and  Tonto  rivers  reached  a  maximum  stage  earlier  than  Salt  River,  hence 
the  Salt  at  Phoenix  was  not  so  high  as  in  February,  1891,  but  indications  seem  to  show 
that  Salt  River  above  the  mouth  of  the  Tonto  was  higher  during  this  flood  than  at  any 
time  during  its  history. 

DAMAGE. 

The  damage  done  by  this  flood  on  Salt  River  was  very  great.  The  bridges  of  the  Gila 
Valley,  Globe  and  Northern  Railway  and  the  Maricopa,  Phoenix  and  Salt  River  Valley 
Railway  across  Gila  River  were  swept  away.  The  old  Southern  Pacific  Railway  bridge 
Mid  tlie  new  Santa  Fe  Railway  bridge  across  Salt  River  near  Tempe  and  the  approaches 
of  the  new  Southern  Pacific  Railway  bridge  at  Tenip<»  were  damaged.  The  Arizona  dam 
tndall  other  dams  on  Salt  River  were  swept  away.  The  water  rose  alwve  the  top  of  the 
i»ad  gates  of  tb©  canal  and  greatly  damaged  the  banks  w\\erc  l\\e  'w«lWt  ^^ksatu^  Vw^  \o\ft 
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the  river.  The  river  roee  4  feet  above  the  bridge  at  the  gaging  station  at  Roosevelt  ud  ' 
swept  it  away.  The  flume  and  the  cofferdam  of  the  Roosevelt  dam  were  swept  complet^y 
away,  and  the  Phoenix-Roosevelt  road  through  the  canyon  below  the  dam  was  Udlj 
damaged. 

FLOOD  ON  LITTLE  COLORADO  RIVER  IN  NOVEMBER. 

The  excessive  precipitation  in  the  basin  of  the  Little  Colorado  River  November  25-28 
(see  p.  52)  produced  a  sudden  and  large  increase  in  the  flow  of  this  st^am.  The  diilj 
gage  height  and  rate  of  flow  at  the  gaging  stations  at  Woodrufl'  and  Holbrook,  Arii.,  tn 
given  in  the  following  table: 

Flood  floxD  of  Little  Colorado  River  at  Woodruff  and  Holbrooke  Ariz.,  November  26-90, 11W5. 


Woodrufl,  Ariz. 

HoLbrook.  Ariz. 

Dato. 

Gace 
height. 

DiBcharge. 

hei^. 

DiflchAige. 

Noveinl)er  26      

Feet. 
l.OC 
21.90 
7.75 
5.50 
2.00 

Sec-feet. 

33 

10,000 

2,960 

1,735 

85 

Feet. 
3.50 
8.55 
5.75 
4.05 
a80 

November  27 

ao.i» 

Noveinl)cr  28 

l» 

Noveml)er  29 

i,m 

November  30                                                      .... 

m 

It  is  seen  that  the  stage  at  Woodruff  rose  from  1  foot  on  the  26th  to  21.9  feet  on  the  27th 
and  the  rate  of  flow  from  33  second-feet  to  10,000  second-feet. 

At  Hoi  brook  the  rate  of  flow  increased  from  160  second-feet  to  20,180  second-feet  in 
twenty-four  hours. 

FLOW  OF  COLORADO  RIVER  INTO  SALTON  SINK. 

Salton  Sink  is  a  lK)dy  of  water  in  the  southern  part  of  California  about  90  miles  northwest 
of  Yuma .  1 1  is  noted  for  the  fact  that  its  surface  is  about  290  feet  l^elow  sea  level.  Imperi»J 
Valley,  in  which  it  is  located,  has  a  length  of^about  90  miles  and  an  area  below  sea  leve 
of  about  1,000,000  acres.  Much  of  the  soil  of  this  valley  is  very  productive,  and  in  ordci 
to  irrigate  it  a  channel  was  excavated  from  Colorado  River  to  Alamo  River,  an  old  chaim^ 
leading  into  the  valley  from  a  point  just  north  of  the  California-Mexico  boundary  lin0i 
10  miles  below  Yuma.  This  canal,  which  passes  through  material  that  is  easily  erodedi 
was  left  without  head  gates.  It  had  a  low  grade  and  dredging  was  necessary  to  keep  i* 
open.  In  October,  1904,  a  cut-ofT  cliannel  50  feet  wide  and  8  feet  deep  was  excavated 
in  Mexico  from  the  river  to  the  canal  to  pro^ur(»  a  larger  volume  of  water  for  irrigation - 
The  floods  from  January  to  April,  1905,  scoured  the  canal  to  some  extent;  the  flood  of 
May  and  June  from  the  upper  Colorado  scoun^d  it  from  a  width  of  100  feet  to  a  width  of 
300  to  400  feet.  As  the  latter  flcKul  sul)sided  silt  was  deposited  in  the  river  channel  below 
the  canal  headings  and  gradually  closed  the  river  channel. 

The  average  fall  of  the  Colorado  from  Yuma  to  the  Gulf  of  California  is  about  1.25  feet 
per  mile,  and  the  averages  fall  from  the  Colorado  River  to  Salton  Sink  is  about  3  feet  per 
mile ;  and  as  the  canal  passes  through  material  that  is  easily  eroded,  cutting  of  bed  and 
banks  took  place  rapidly.  On  June  30,  1905,  22  per  cent  of  the  river  flow  was  passing  into 
the  canal.  On  July  8,  67  per  cent  passed  into  the  canal,  and  October  25  the  whole  flo« 
passed  into  the  canal.  In  Novembc^.r  an  effort  was  made  to  turn  the  river  away  from  the 
canal  by  coiLstructing  a  diversion  dam  of  brush,  piles,  and  gravel,  but  the  sudden  largt 
Nov(^mber  flood  (p.  53)  swept  away  the  dam  and  greatly  widened  and  deepened  thi 
cut-ofT  canal.  An  attempt  was  also  made  to  divert  the  flow  of  the  Alamo  canal  bacl 
into  the  gulf  by  a  short  channel  to  Padrone  River,  which  flows  into  Volcano  Lake.  I 
dam  was  built  across  New  River  at  the  lower  end  of  this  lake  to  force  the  lake  to  dischaxg 
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%otbe  southeast,  into  the  gulf,  instead  of  through  New  River  into  Sal  ton  Sink.  Padrone 
IBirer,  however,  cut  a  new  channel  across  the  country  to  New  River,  and  thus  the  water 
fined  into  the  sink  instead  of  into  the  gulf.  Near  the  close  of  1905  the  water  in  the  sink 
'Wn  described  as  45  miles  long,  from  10  to  18  miles  wide,  and  23.5  feet  in  greatest  depth. 
It  is  reported  that  the  water  in  the  sink  rose  at  the  rate  of  one-half  to  three-fourths  of  an 
inch  a  day  and  during  the  larger  floods  at  the  rate  of  2  inches  a  day. 

The  works  of  the  New  Liverpool  Salt  Company,  located  on  the  shores  of  the  sink,  have 
htea  drowned  out.  At  the  close  of  1905  the  water  was  up  to  the  roofs  of  the  buildings. 
Tlie  Southern  Pacific  Railway  has  60  mik>8  of  main  line  and  40  miles  of  branch  lines  in  this 
TiDey  below  sea  level.  Up  to  February,  1906,  40  miles  of  new  track  had  been  laid  by 
tius  company  50  feet  above  the  old  location.  It  is  said  that  $25,000  were  spent  on  the 
eooBtniction  of  the  diversion  dam  at  the  entrance  to  the  canal  that  was  swept  away  by 
tlie  November  flood. 

The  most  serious  danger  to  this  valley  is  that  before  the  river  is  controlled  the  canal 
may  be  cut  so  deep  that  water  can  not  be  taken  from  it  to  the  irrigable  land  by  gravity. 

UNUSUAL  RATES  OF  RUN-OFF  IN  igos. 

The  following  unusual  rates  of  run-off  occurred  in  the  United  States  in  1905: 

Extraordinary  rates  of  run-off  in  1905. 


Stream  and  place. 


Mill  Brook  near  Edmeston,  N.  Y 

Mad  Brook  near  Sherburne,  N.  Y 

ftarch  Factory  Creek  near  Utica,  N.  Y 

Do 

Sx-Mile  Creek  near  Ithaca,  N.  Y 


Drainage 
area. 


Date- 


Maximum 
rate. 


8q.  mUea. 
9.4 
5.0 
3.4 
3.4 
46.0 


September  3-4 1 

Septeml)er  3-4 1 

September  3 i 

June  21 1 

June  21 1 


Sec-feet. 
241 
262 
200 
190 
195 


FLOOD  DISCHARGE  AND  FREQUENCY  IN  THE  UNITED  STATES. 

INTROI>UCTIOX. 

Wat^-Supply  Paper  No.  147,  "  Destructive  floods  in  the  United  States  in  1904,"  pages 
lW-189,  gives  the  greatest  rate  of  flow  of  the  largest  recorded  flood  on  many  streams  in 
ttas  country.  The  following  pages  contain  data  on  the  daily  rate  of  flow  and  frequency 
•fall  the  larger  floods  on  some  streams.  These  streams  are  selected  in  preference  to  others 
•B  icoount  of  the  long  record  of  flood  observation  on  them.  The  periods  over  which  tlie 
fcod  records  extend  vary  from  eleven  to  more  than  one  hundred  years.  The  source  of 
■tfcnnation  is  given  in  each  compilation:  when  no  statement  to  the  contrary  is  made, 
Uie  data  were  obtained  by  engineers  and  hydrographers  of  the  United  States  Geological 
Survey. 

A  brief  description  of  each  drainage  ])asin  is  given,  especially  of  the  part  above  the 
Ppog  station  where  the  data  were  obtained,  with  a  statement  of  the  features  that  influ- 
•ce  flood  flow.  Brief  notes  calling  attention  to  tlie  more  important  facts  shown  by  the 
4ta  are  also  presented. 

At  flood  flow  a  stream  usually  carrit»s  much  drift,  overflows  its  banks,  and  changes 
Mgfii  rapidly,  so  that  it  is  very  difficult  to  measure  accurately  its  discharge  at  maximum 
iUfe.  Some  of  the  data  here  given  are  computed  from  careful  measurements  made 
Mug  or  shortly  after  the  flood  and  some  are  computed  from  a  single  station  rating  curve, 
■mmiiifc  the  channel  conditions  to  have  Ix^en  fairly  constant  during  the  period  considered. 
FVimarily  the  flood  flow  of  a  stream  depends  on — 

(1)  The  extent,  duration,  and  intensity  of  precipitation,  especially  the  intensity  in  the 
ttn  of  small  drainage  basins. 
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(2)  The  direction  of  motion  of  tho  storm  causing  tho  flood.    If  the  storm  movnii 
direction  of  the  flow  of  the  stream  the  flow  will  be  greater  than  if  it  moves  in  the  oppotf^ 
direction  or  across  it. 

(3)  The  amount  of  Hnow  on  the  ground  and  the  temperature  during  the  storm.  '^ 
large  floods  on  northern  streams  are  due  almost  entirely  to  the  rapid  melting  of  snoir. 
When  the  ground  is  frozc»n  the  measured  run-off  is  occasionally  more  than  three  tinws 
the  precipitation  during  tho  month. 

(4)  The  storage,  both  natural  and  artiflcial,  in  the  drainage  basin.  In  some  btsin 
ground  storage  may  take  up  9  inches  of  precipitation.  Storage  extends  the  flood  period 
and  reduces  the  maximum  rate  of  flow. 

(5)  The  size  of  the  drainage  ha^in.  Most  great  rainstorms  cover  comparatively  snttO 
areas,  .so  that  a  big  storm  is  likely  to  cover  a  larger  part  of  a  small  drainage  basin  than  of 
a  largo  one.  The  maximum  rate  of  discharge  per  square  mile  will  therefore  incrpftse  tf 
the  size  of  the  drainage  basin  decreases. 

(6)  The  physiography  of  tlio  drainage  basin.  The  maximum  rate  of  flow  from  a  com- 
paratively long  and  narrow  basin  with  tributaries  entering  a  considerable  distance  apait 
will  be  loss  than  from  a  basin  of  nearly  circular  shape  of  the  same  size  but  with  tributariei 
entering  tho  main  stn»am  in  clo8<»  proximity.  St^ep,  impervious,  deforested  slopes  of 
basin  and  stoop  slope  of  stream  bod  cause  rapid  run-off.  Narrow,  deep,  crooked  channeiB 
of  small  slope  (*ause  sluggish  flow,  great  variations  in  stage,  and  frequent  overflow. 

Among  tho  more  or  lt»s8  artificial  conditions  that  increase  the  flow  may  be  mentioned— 
(1)  controlled  storage;  (2)  deforestation  and  cultivation;  (3)  reduction  in  width  of 
channel  by  placing  tho  abutments  of  bridges  in  the  stream;  (4)  the  use  of  piers  that  pre- 
vent scour  of  bod,  collect  drift,  and  hold  back  a  part  of  the  flow  for  a  time,  causing  greatly 
increased  flood  wave ;  (5)  the  formation  of  ice  gorges  and  the  failure  of  dams  and  reservoir 
walls. 

KENNEBEC  RIVER. 

Koniiolx»c  River  Ls  the  outlet  of  Moosehead  Lake,  in  northwestern  Maine.  The  basil 
has  a  length  of  1.50  miles,  a  width  of  /lO  to  80  mile.**,  and  an  area  of  6,330  square  miles.  Iti 
up|XT  part  is  mountainous  and  thickly  forested;  its  lower  part  is  hilly  or  gently  rolling,  witl 
gra.ss-c(>voro(i  slojx^s.  In  this  basin  are  3G0  .square  miles  of  lake  storage,  controlled  mainly 
by  dams  at  tho  outlet  of  each  lake.  This  stored  water  is  used  principally  for  log  driving 
From  Moosehead  Lake  to  Augusta,  the  head  of  navigation,  a  dist^ince  of  112  miles,  tli< 
stream  lias  an  average  fall  of  9.1  foot  per  mile. 

Tho  folkming  table  gives  the  daily  rate  of  flow  of  this  stream  at  the  Hollingsworth  S 
Wliitnoy  Company's  dam  at  Waterville,  Me.,  during  tho  greatest  annual  floods,  from  1892 
to  1904. 

Flood  floxr  ofKennehec  River  at  WaUrviile,  Mc.Jrom  1893  to  1904, 

[Draiuago  area  abovo  this  gitging  station,  4,;{80  square  miles.] 
Year.  ,  Dalo.  iDlschargo."'    Yoar.  Date 

.!_.•.__!   ___!_ 

1   Sfc.-fect.    I                I 
1S9.3....'  May  IM '         «ijm  ,    1808...    .Vpril  15 


1894....;  April  2.1 35,280  '  1899...'  April  27.. 

1895.... i  April  15 8fi,200  ,  1900....  April  21.. 

1890....  Manh  1 6,200,  1901...'  April  9. . . 

1896....  Ma nh  2 111,200  1  1902...!  March  4. . 

181H). . . .,  March  3 52,000  |  19a3. . . j  March  20. 

1896....,  March  4 24,810  1904... j  May  12. 

1897...  I  Aprils '  6«,900 


Dischart?"- 


50.3 
45.^ 
62,2 
TO.© 
54.3 
35,71 
37,» 


a  Data  furnished  by  Hollingsworth  <$;  Whitney  Company. 
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""9  "Hie  largest  flood  in  these  fifteen  years  at  Waterville  occurred  on  March  2,  1896,  when 
W  Uie  rate  of  flow  for  the  day  was  111  ,200  second-feet,  or  25.2  second-feet  per  square  mile. 
S  ^Tie  rise  was  exceedingly  rapid,  the  discharge  increasing  from  about  6,000  to  1 1 1 ,000  second- 
fl   Het  m  twenty-four  hours. 

The  greatest  flood  in  the  upper  part  of  this  basin  occurred  on  December  15,  1901.  At 
8a.  m.  only  a  few  second-feet  of  water  were  flowing  over  the  dam  at  Madison,  Me.,  where 
the  drainage  area  is  2,850  square  miles.  At  midnight  the  depth  of  wat«r  on  the  crest  of 
tills  dam  was  14.5  feet  and  the  rate  of  flow  was  105,000  second-feet.  At  9  a.  m.  the  next 
day  the  water  surface  had  fallen  5.5  feet. 

The  large  floods  in  this  basin  all  occur  in  the  spring  or  winter  and  are  due  to  rain  and 
the  rapid  melting  of  the  winter  accumulations  of  snow.  The  summer  floods  are  small 
compared  with  the  spring  floods. 

ANDROSCOGGrW  RIVER. 

The  Androscoggin  is  the  outlet  of  the  Umbagog-Rangeley  lakes  in  western  Maine.    The 

Imbid  has  a  length  of  about  110  miles,  a  greatest  breadth  of  70  miles,  and  an  area  of  3,700 

■quare  miles.    The  upper  part  of  the  basin  is  mountainous,  broken,  and  thickly  forested; 

the  lower  part  is  hilly,  with  grass-covered  or  cultivated  slopes.    There  are  148  lakes  in  the 

basm,  having  a  water-surface  area  of  312  square  miles — that  is,  about  one-twelfth  of  the 

basin  is  water  surface.    From  the  foot  of  Umbagog  Lake  to  the  foot  of  Rumford  Falls,  a 

Stance  of  81  miles,  the  stream  falls  836  feet.    The  lakes  are  lai^gely  controlled  by  dams 

and  the  storage  is  used  mainly  for  log  driving.    The  range  of  stage  at  Lewiston  near  the 

nouth  is  8  feet;  at  Bethel,  28  feet. 

The  following  table  gives  the  daily  rate  of  flow  of  this  stream  at  Rumford  Falls,  Me., 

dnring  the  greatest  annual  floods,  from  1893  to  1903: 

Flood  flaw  of  Androsdoggin  River  at  Rumford  Falls,  Me.,  from  1893  to  1903. 
[Drainage  area  above  gaging  station,  2,320  square  miles.] 


T«tr.l 


Date. 


I 


rasq 


IM... 

as.. 

NK.. 


.|Mayl&. 
.1  April  21. 
•I  April  22. 
.;  April  17. 
-I  July  15.. 
-  April  25. 


DIschargn.a    Year. 


Date. 


Sec.-fert. 
38,060 
22,230  I 
55,230  ! 
27,390  i 
22,900  I 
16,750 


1899.. 
1900.. 
1901.. 
1902. 
1903. 


.j  May2.... 
.1  May  20... 
.1  April  22.. 
.'  March  30. 
.    June  13... 


DIaoharge.o 


Sec-feet. 
24,060 
24,530 
32,650 
18,490 
26,790 


I 


•  Data  furnished  by  C.  A.  Mixer,  C.  E.,  rpHident  cnginwr  of  tlie  Rumford  Falls  Power  Company. 

The  greatest  flood  on  this  stream  at  this  place  in  these  twelve  years  occurred  April  22, 
^  The  greatest  daily  rate  of  flow  was  55,230  second-feet,  or  23.8  second-feet  per 
•pare  mile. 

"Hie  larger  floods  in  this  basin  occur  in  the  spring  and  are  duo  to  rain  and  the  rapid 
'I'tlting  of  snow.  As  a  rule,  the  floods  on  this  river  are  somewhat  less  in  magnitude  than 
^  on  the  Kennebec. 

MERRIMAC  RIVER. 

Hie  Merrimac  is  formed  by  the  union  of  the  Pomigewasset  and  the  Winnepesaukee  rivers 
*t Franklin,  N.  H.  The  basin  is  comparatively  long  and  narrow  and  has  an  area  of  4,916 
•^Oiie  miles.  The  upper  part  Ls  mountainous,  broken,  and  forested;  the  central  part  is 
^7  or  gently  rolling,  cultivated  and  pasture  lands;  the  lower  part  is  flat,  with  some 
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swampe.    There  are  in  this  basin  more  than  100  square  miles  of  controlled  t 
its  head  at  Franklin  Junction  to  its  mouth,  a  distance  of  110  miles,  the  rive 


Fio.  9.— Map  of  drainage  basin  of  Mt^rrimac  Hivfr. 

A  large  part  of  this  total  fall  is  concentrated  at  six  places.     Along  the  stree 
tracts  of  bottom  land,  which  are  subject  to  overflow  during  floods. 
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lowing  table  gives  the  daily  rate  of  flow  and  dates  of  occurrence  of  the  larger 
ce  1846  at  Lawrence,  Mass.: 

Flood  fiow  ofMerrimac  River  at  Lawrence ^  Mass,,  I846  to  190^.  a 
[Drainage  area,  4,553  square  miles.] 


Date. 


iDischarge.o 


Sfc.'feet. 


Ipring^.. 
Ipring  e. . 
)ctober.. 

day 

'ay 

Aarch 

Iprii 

iarch 

uly 

iarch  15. 
iprill?.. 


31,450 
32,800 
44,800 
27,90(k 
65,300 
82,150 
41,500 
36,000 
38,200 


Year. 


1900. 
1901. 
1901. 
1901. 
1901. 
1901. 
1901. 
1902. 
1903. 
1904. 


Date. 


Diseharge.o 


February  15. 

April? 

AprU8 

April9 

April  10 

April  11 

April  12 

March  4 

March  n.... 
May  1.' 


Sec. 


-feet. 

52,990 

33,950 

61,200 

62,510 

48,760 

38,020 

31,460 

61,190 

45,470 

46,340 


oData  furnished  by  R.  A.  Hale,  engineer,  Essex  Water  Power  Company. 
6  Largest  flood  in  recollection  of  ihhabitants. 
e  Stage  was  0.8  foot  lower  than  in  1896. 

^test  flood  since  1846  occurred  March,  1896.  On  March  3  the  stage  at  Lawrence 
eet  above  low  water,  and  the  maximum  rate  was  82,150  second-feet,  or  18  second- 
square  mile.  This  was  the  spring  flood  and  was  largely  due  to  rapid  melting  of 
rhe  floods  due  to  rain  alone  arc  scarcely  half  the  magnitude  of  the  spring  floods. 
ng  floods  generally  last  from  one  to  two  weeks. 


iR  162—06- 
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CONNECTICUT   RIVEU. 


Connecticut  River  has  its  source  in  Connecticut  Lake  in  northern  New  Hampshire. 
falls  from  an  elevation  of  1,618  feet  to  nearly  sea  level  at  Hartford  in  a  distance  of  abo 
312  miles.    The  basin,  shown  in  fig.  10,  is  long  and  narrow  and  has  an  area  of  10,924  squa 
miles.    The  upper  part  is  mountainous,  with  some  forest  area;  the  middle  and  \ov: 


y    WHartforJ 

^tiilflkiOM-u 


D 

(J 

P 
O 
hi 
Y. 
Y. 
O 
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Fig    10.  -Map  of  rlrninacf  t>a<in  of  Conn'ClK  ill  Uivor. 

parts  are  hilly  or  rolling — grass  covered  or  rult  ivat<Ml.  The  river  receives  the  water  of  man; 
siimll  irilnitaries  and  a  small  amount  from  lake  stoiui^e.  AlK)ve  lielkms  Falls  the  stiean 
has  numerous  shoals  and  rapids,  IjoIow  this  place  its  descent  is  much  slower  and  is  brokei 
by  rapids  at  only  three  places. 
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following  table  gives  the  daily  rate  of  flow  and  date  of  oc<;uiTence  of  the  large  floods 
I  stream  at  Hartford,  Conn.,  since  1801  : 

Flood  flow  of  Connecticut  River  at  Hartford,  Conn.,  1801-1904, 
[Drainage  area,  10,234  square  miles.    Danger  line,  13  feet  gage  height.] 


Month. 


heigl 


Gage 
eignt.o 


April 

May 

April 

November. 

May 

August 

March 

April 

April 

March 

February.. 

April 

March 

April 

October 

February.. 

April 

April 

January . . . 

April 

March 


Feet. 
27.5 
26.3 
27.2 
21.0 
20.8 
23.1 
20.5 
29.8 
23.3 
26.4 
21.5 
28.7 
24.8 
20.5 
20.0 
21.5 
26.7 
26.3 
21.3 
25.3 
21.0 
23.9 
21.9 
22.9 


Discharge,  ft 

Sec-feet,    j 
178,400  { 
164,700  i 
175,000 
109.800  \ 
108.100  ; 
129,800 
105,400  ' 
205,200 
131,900 
165.900 
114,400 
192,300 
147,800 
105,400 
101,100 
114,400 
169,300 
164,700 
112,600 
153, 400 
109.800 
138,200 
118.200 
127,800 


Year. 


Month. 


1 


1878. 
1879. 
1884. 
1886. 
1887. 


1889.' 
1890.1 
1891.; 
1802.1 
1893.; 
1894.' 
1895.1 
1896.' 
1897.' 


1900 
1900 
1901. 
1902 
1901, 
1904 
1905 


December 

May 

April 

May 

April 

April 

November  30. 
October  26... 

April  17 

June  16 

May  6 

April  25 

April  16 

March  3 

July  16 

March  22 

April  27 

February  15. . 

April  22 

April  25 

March  4 

March  25 

April  30 

March  31 


h^XjDl«h«go.» 


Feet. 
23.9 
21.4 
21.5 
21.8 
22.5 
19.4 
15.6 
16.0 
19.8 
18.3 
24.0 
13.8 
25.7 
26.5 
20.8 
21.2 

'■22.0 
2.3.4 
22.8 
22.7 
25,5 
23.4 
21.4 
22.8 


Sec.'feet. 
138,200 
113,500 
114,400 
117,200 
124,000 
96,060 
68,140 
70,700 
99,420 
87,100 
139,200 


I 


167,900 
167.000 
108,100 
110,700 
119,100 
133,000 
126.900 
125,900 
155.600 
133,000 
113,500 
126,900 


irnished  by  Edwin  Dwight  (Jravu.«?,  chiel  engineer  Connecticut  Rivor  bridge  and  highway  district, 
mputcd  from  rating  lable  prepared  by  T.  0   P'llis.  C.  E.,  Report  Chief  of  Engineers  U.  S.  Army, 
)t.  2,  p.  361. 
cm  April  16  to  April  31  the  stage  did  not  fall  below  20  ftwt. 

e  flood  of  May,  1854,  was  the  largest  in  more  than  a  century,  and  reached  a  stage  of 
feet  above  low  water  at  Hartford,  Conn.     The  daily  rate  was  205,460  second-feet, 
second-feet  per  square  mile, 
e  flood  of  April,  1862,  was  the  largest  at   Ilolyokc,  Mass.,  and  gave  a  discharge  of 

00  second-feet,  or  18.7  second-feet  per  square  mile. 

e  largest  flood  that  was  due  entirely  to  rain  occurred  in  Octobei ,  1869.  The  maximum 
rate  of  flow  was  16.5k  second-feet  per  square  mile.     High  stages  in  the  spring  some- 

1  last  for  two  or  more  weeks. 

IIUnsON    RIVKK. 

e  drainage  basin  of  Hudson  River  al)ove  the  gaging  station  at  Mechanicsville,  N.  Y., 
rises  4,500  square  miles,  it  is  mountainous,  with  considerable  lake  storage  and 
.  area. 

ious  flood  conditions  ex i.st  in  a  siirtch  of  the  livcr  extending  for  30  miles  below  Albany. 
the  channel  is  shallow,  narrow,  and  crooked,  and  there  is  a  tidal  action  and  a  large 
r  from  the  Mohawk.  The  tidal  action  pi(»vcnts  the  rapid  pas.sing  out  of  ice,  and  aids 
!  ioimalion  of  ice  dams  Floods  duo  to  ice  come  with  but  little  warning  at  any  time 
December  to  April. 
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DESTRUCTIVE   FLOODS   IN    UNITED   STATES   IN   1905. 


The  following  table  gives  the  rate  of  flow  and  date  of  occurrence  of  each  of  the  large  floods 
at  Mechanicsvillo,  N.  Y.,  since  1869: 

Flood  fow  of  Hudson  River  at  Mechanicsville,  N,  Y.,  ]869-190i.a 
[Drainage  area.  4,^)  square  milrci.    Danger  line,  9.0  feet  gage  height.] 


Year. 


1806... 
1898... 
1899... 
1900... 
1901... 


Date. 


Spring 

April  18 

November  7 
March  14... 
April  ?6.... 
April  23.... 
April  23.... 


Discharge 

Year. 

Date. 

Stc.-feet.b 
70,000 
42,620  ' 

1902... 
1903... 
1903... 
1903... 
1903... 
1903... 
1903... 

March3 ' 

March  23 

24,550  ' 
39,230 
41,480 
43,550 

March  24 

March25 

March  26 

March  27 

54,860  1 

March  28 

1 

DiachArp. 

SeMett. 
41.3f» 
42,910 
54,«0 
»,» 
50,M> 
41,»l 
32,W 


a  Data  furnished  by  the  Duncan  Company,  K.  P.  Blosa,  engineer, 
ft  llydrolopy  of  the  State  of  New  York,  1905,  p.  467. 

The  largest  flood  in  these  thirty-five  years  was  in  the  spring  of  1869,  when  the  discharge 
was  70,0()0  second-feet,  or  15.6  stn-ond-feet  per  square  mile.  The  lai^  floods  all  occur  in 
the  spring,  and  are  due  to  rapid  melting  of  the  winter  accumulation  of  snow  with  rain. 

GENKSEE  RIVER. 

Genesee  River  xises  in  northern  Pennsylvania,  flows  northward  across  New  York  State-i 
and  empties  into  I^ake  Ontario.  Its  basin  is  108  miles  long,  22  miles  wide,  and  comprised 
2,40()  square  miles.  The  catchment  area  above  Mount  Morris  has  steep  slopes  with  heavy 
and  impervious  soil  and  little  wooded  area.  In  the  catchment  area  below  Mount  Morrii 
there  are  from  (i()  to  80  square  miles  of  flats  subject  to  overflow.  These  flats  act  as  a  reser' 
voir,  decreasing  to  a  marked  degree  the  maximum  rate  of  flow  at  Rochester.  Near  Portag* 
the  river  pusses  through  a  narrow  canyon  and  has  a  fall  of  330  feet,  nearly  all  of  which  i* 
at  Portage  Fulls. 

The  following  table  gives  the  daily  rate  of  flow  of  this  stream  at  Rochester,  N.  Y.,  of  the 
large  floods  from  1785  to  1904,  and  the  date  of  o<'currcnce  of  each: 

Flood  jlow  ofGeneaee  Kunr  at  Rochester,  N.  Y.,  1785-1904.a 
[Drainage  an^a.  2.42?^  squart'*  miles.] 


Year. 

'       Date. 

1 

Place. 

Discharge. 

^ear. 

Date. 

Place. 

Discharge. 

1 
1 

Strond-fert. 

1 

Srcond-fret. 

178.'>. . 

1 

Rochester 

40,000  , 

1894. 

May  18. . . 

Mount  Morris.. 

60 

1835.. 

Octol>er... 

Rochester 

315,000 

1894. 

May  19... 

,  Mount  Morris.. 

5,53 

1857.. 

Fe»)niary. 

Rochester 

30,000-35,000 

1894. 

May  20.... 

'  Mount  Morris.. 

16,58 

1S<V5.. 

March.... 

Rochester 

45,000-54,000 

1894. 

May  21.... 

Mount  Morris.. 

42,00 

1867.. 

Fe]>niHry. 

Roi'hester 

20,000-25,000 

1894. 

May  22... 

Mount  Morris.. 

33,00 

1873. . 

March.... 

Roi'hester 

30,p00-:«,000 

1894. 

May  23... 

Mount  Morris.. 

15,fia 

1875. . 

March .... 

Rochester 

30,000-35,000  , 

1804. 

May  24... 

Mount  Morris.. 

7,30 

1879. . 

March.... 

Rwhestcr 

20,000 

189»l. 

.\pril 

Rochester 

33,000-36,00 

1889.. 

June 

Rochester ^ 

20,000  ' 

1902. 

March... 

Rochester 

35,000-38,00 

1890.. 

Septernl)er 

Mount  Morris.; 

20,000  ^ 

1902. 

July 

Portage 

40,000-50,00 

1893.. 

March .... 

Mount  Morris.' 

30,000  1 

1903. 

April  5.... 

Rochester 

18,38( 

oReport  of  special  committee  on  flood  conditions  In  the  Oencsee  River  affecting  the  city  o(  Rochester, 
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The  greatest  rate  of  flow  during  this  period  at  Rochester  was  during  the  flood  of  March, 
1865,  when  the  rate  per  square  mile  of  drainage  was  19  to  22  second-feet.  This  was  a 
spring  flood  and  was  due  largely  to  the  rapid  melting  of  snow. 

The  flood  of  May,  1894,  which  gave  a  maximum  rate  at  Mount  Morris  of  42,000  second- 
feet,  gave  a  maximum  rate  of  only  20,000  to  21,000  second-feet  at  Rochester. 

The  flood  of  July  5-9, 1902,  was  without  precedent  in  the  high  stage  of  water  for  the  time 
of  year  and  the  damage  done.  The  ground  was  saturated  at  the  time.  The  precipitation  for 
JuDe  and  July  was  more  than  12  inches  over  half  of  New  York  State  and  18  inches  at  some 
stations  in  this  hasin. 

PASSAIC'  KIVER. 

The  topography  of  this  watershed  has  a  marked  effect  on  the  flood  flow  of  the  stream 
lod  on  the  damage  resulting  from  overflows.  The  watershed  is  fan  shaped,  consisting  of  a 
kt^  central  basin  with  a  narrow  outlet.  The  length  of  the  stream  from  source  to  mouth  is 
only  27  miles,  but  the  length  by  river  is  83.  The  total  drainage  area  is  949  square  miles,  the 
area  above  Little  Falls,  the  outlet  of  the  central  basin,  is  772.9  square  miles.  All  the  impor- 
tant tributaries  except  one  drain  highland  areas  having  steep,  nearly  impervious  slopes  and 
empty  into  the  central  basin.  This  basin  is  8  to  12  miles  wide,  32  miles  long,  and  contains 
29300  acres.  Much  of  it  is  marshy  or  wet  land,  flooded  during  ordinary  freshets.  As  the 
outlet  of  this  basin  is  too  small  to  allow  free  flow  from  it,  the  water  is  held  back  for  a  time 
and  the  duration  of  each  flood  is  increased. 

The  fall  from  this  outlet  to  the  ocean  is  mainly  concentrated  at  three  places,  leaving  little 
fall  between.     The  channel  cross  section  in  part  of  the  lower  reach  is  also  small. 

The  following  table  gives  the  daily  rate  of  the  flow  of  this  stream  at  Dundee  dam  during 
the  large  floods  from  1877  to  1903  and  the  date  of  occurrence  of  each : 

Flood fow  ofPassak  River  at  Dundee  dam,  New  Jersey,  1877-1903. 
[Drainage  area,  822.7  square  miles.] 


Year. 


Date. 


I  Maximum 
discharge.    --■ 


Dura- 
tion in    Year.' 


Date. 


1877 
1878 
1882 


I   Sec-feet. 

March  29 10,780 

iSeptember  12. 16,590 

September  25 '  18,260 

February  14. :  12,450 

April8 10,420 

Fcbruarya 1  11,880 

September  21 '  ll,i:i0 


60  , 
60  , 
60  , 
60  1 
55 


1889 
1891 
189:J 

1902 
190.1 


Aprii29  .... 
January  24  . 
March  14  . . . 

March  6 

March  2  . . . 
Octolwr  10  . 


Maximum 
discharge. 


Sec-feet. 
10,970 
11,700 
11,220 
11,160 
24,800 
35,000 


66 
60 
69 
72 
270 
225 


£f. 


Note.— Records  for  years  preceding  1902  are  from  Report  Geol.  Survey,  New  Jersey.  1894,  vol.  3. 
53;  records  for  1902  and  1903  are  from  Water-supply  and  Irrigation  Paper  L\  S.  Geological  Survey 


r«.  92,  p.  19. 


The  largest  spring  flood  during  this  period  occurred  from  February  27  to  March  6,  1902.a 
Tlic  maximum  rate  of  flow  was  30.2  second-feet  per  square  mile.  This  flomi  was  due  to 
meHing  snow,  accompanied  by  rain  on  frozen  ground. 

The  largest  flood  due  to  rain  alone  occurred  October  7-10,  1903, ^  when  the  miximum  rate 
of  flow  was  43.4  second-feet  per  square  mile — that  is,  44  per  cent  greater  than  that  of  March 
2, 1902.  The  precipitation  for  the  three  days  October  8-11  over  this  watershed  was  11.74 
inches.  The  precipitation  during  the  preceding  months  was  above  the  normal,  so  that  the 
pound  and  surface  reservoirs  could  absorb  only  a  small  part  of  the  water  that  fell  during  the 
fltorm. 


«This  flood  and  the  damage  wrought  by  it  is  troateri  in  Water-Supply  and  Irrigation  Paper  No.  88. 
ft  TliU  iOood  and  tb«  damage  wrougtit  by  it  is  treated  in  Water-Supply  and  Irrigation  Paper  No.  W. 
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DESTRUCTIVE   FLOODS   IN   UNITED   STATES   IN   1905. 


RARITAN  RIVER. 

Tho  Raritan  is  tlic  largest  river  of  New  Jersey.     Its  basin  is  long  and  narrow  aa 
prises  an  area  of  1 ,105  square  miles.    Tho  upper  part  is  mountainous  and  has  a  rapid  i^^^ 
The  lower  part  is  hilly  or  rolling  with  grass-covered  or  cultivated  slopes.     Less  than 
cent  of  the  whole  area  is  forested.    The  topography  of  this  basin  is  very  different  fror:^ 
of  the  Passaic,  which  lies  just  north  of  it.     The  rain  falling  on  all  parts  of  the  basin  n^ 
quickly,  so  that  the  floods  are  shorter  than  in  the  Passaic  and  inflict  less  damage. 

The  following  table  gives  the  daily  rate  of  flow  of  this  stream  during  the  large  floods 
1810  to  1905,  and  the  date  of  occurrence  of  each: 

Flood  fow  of  Rctrilan  River  at  New  Bninmmck  and  Boundbrook,  X.  J. a 
[Dminago  area  al>ove  Boundbrook»  80tt  square  miles.] 


Yoar. 


1810 
186.') 
1874 
1882 


1886 
1887 
1889 
1903 


Date. 


NovemlM»r24.. 

July  17 

September  18.. 
Scpteml>er22.. 
SepteinlMjr  2a. . 
Septeml>er  24.. 
Sepleml>er2.'>.. 
February  12... 
Februarj'  23... 
November  28.. 

Octo»)er8 

Octol>er9 


Oa«e 
height. 

Feel. 

CO 
9.0 


Discharge.,  Year. 


Sec.'/eet. 


cU.5 
eU.2  , 


«l 7.000  || 
<< 35,500  h 
d.W.OOO  I' 

d  7,000  I' 


1904 


f  9.0  ;. 
r8.0  L 
f  8.0  I. 


1905 


li 


I 


820  |i 
14.900  i' 


Date. 


Gage 
height. 


Dischai 


October  10.... 

October  11 

October  12 

October  13.... 
February  22... 
September  15. , 
September  16. . 

January  7 

January  8 

March  0 , 

March  10 

March  11 


Feet.     , 

'12.0 

'6.5  I 

'5.2  I 

'3.5 

9.5 

10.1 

5.5 

10.4 

5.7 

6.0 

7.4 

5.7 


Sec.-fe' 
28, 
10. 


21, 


22. 

8. 


J 

n  A  doscription  of  this  station  is  given  in  Watcr-Supply  iind  Irrigation  Paper  No.  97.  p.  238. 

6  Not  as  great  as  in  Soptemlwr,  1882. 

<•  At  Hoimtll>roolc  darn. 

d  (Jeological  Siirvev.  .Vow  Jersey,  1894.  vol.  3.  p.  213. 

f  I*.  S.  (icological  Survey  gaging  station.  Houndbroolc,  N.  J. 

There  were  four  j^reat  flood.s  in  these  ninety-five  years.  That  of  September  24,  IS^ 
wliich  had  a  inu-xiinum  (ii.scharge  at  B<)undl)r(><)k  of  r)2,000  second-feet,  or  64.5  second-fc 
j>er  square  niile,  wils  prohahly  the  largest  during  this  (K'riod.  It  was  due  to  a  long,  hea' 
rain.     During  four  days  12  inches  of  rain  fell  over  this  hasin. 

During  the  great  flood  in  the  Passaic  Kiver  hjtsin  in  Octolwr,  1903,  the  maximum  rate 
flow  of  the  Karitan  at  Bound  brook  was  only  28,ri(X)  second-fcct,  or  35.3  second-feel  f 
.s(|uare  mile. 

DELAWAUK    HfVEU. 

The  Delaware  rises  in  the  southea-stern  part  of  iNew  York  State,  on  a  plateau  that  sta' 
1,800  to  1,900  feet  above  sea  level,  flows  in  a  general  southerly  direction  a  distance  of  - 
miles,  and  empties  into  Delaware  Bay  (see  PI.  111).  From  its  source  to  Trenton,  N.  J 
distance  of  280  mile^,  its  average  fall  is  6.7  feet  per  mile.  The  basin  is  long  and  narr 
with  steep  .slopes  and  little  surface  storage  alx)ve  Lamljcrtville,  N.  J.  The  topograp 
features  all  favor  a  rapid  run-off,  hence  the  stream  is  subject  to  great  and  sudden  fluct 
tionsof  flow. 


U.    S.  QEOiXXilCAL   8UIWEY 


WATER-SUPPLY    PAPER    NO.    162      PU   I 
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DRAINAGE   BASIN   OF   DELAWARE  RIVER. 


FLOOD   D18CHABGK    AN1>   KREQUKNCY. 
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The  following  table  gives  the  daily  rate  of  flow  of  this  stream  at  or  near  Lambertville,  N.  J., 
of  the  large  floods  from  1786  to  1905. 

Flood  flow  of  Delaware  River. aX  Lambertville  ^  N.  J. a 
[Drainage  area.  0,855  square  inilcs.1 


Year 


Date. 


be%%j      i>i«charge.        Year. 


1786  j  Octot)crfl. 

1801  ! 

1814  \ 

ISii 
1836 
1S3& 
1K41 
1M3 
lii46 
lt«62 
1800 
l!*U 
1.H99 
1900 

1001 

1U02 


I 


March \ 

April 

April I 

January  8 1 

October  13 

March  15 

Junes ' 

November  5. . .' 

JanuAry 

Marcn  7 ; 

February  14... I 

March  2 

March  22 1 

December  Ifl...' 

March  1 ' 

March  2 1 


Feet. 
10.0 
14.0 
14.0 
12.0 
14. 5 
14.6 
20.0 
14  0 
I7.fi 


9.7 
11.4 
12.0 
10.  :> 
lH,y 
IS.  2 
20  2 


Second-fed.     j 
175,000  I 

140,000-160,000 
115.000  ' 
115,000  il 

140.000-150,000 

1 40, 000- l.V),  000  l! 
254.  (iOO  I 

140,000-150.000 
207,000  I 
223,  «K) 
50, -200 

\m,  100  . 

63.560 
81.070 
87.2.-X)  I 
71.S00 
1.'>S,»X) 
151.100 
171.700 


1902 


Date. 


1903 


VM* 


March  3 

March  4 

March  5 

March  14 

March  15 

March  18 

March  1 

March  2 

March  24 

March  25 

October  9 

Octolier  10 

October  11.... 

October  12 

October  13 

February  21 . ., 
February  22. ., 
February  23... 
March  28 


Gage 
height.fr 

Discharge. 

Feet. 

Second-feet. 

16.4 

132,600 

12.5 

92,450 

9.4 

60,470 

11.1 

77,980 

10.2 

68,710 

11.8 

85.190 

13.6 

103,700 

12.9 

96,520 

12.7 

94,460 

12.4 

91,370 

9.4 

60,470 

20  2 

171,700 

20  7 

176,900 

12.7 

94,460 

9.9 

r   1/1   II 

65,620 

e  10.  0 

<  15  1 

f  i;i5 

11.9 


86,220 


•This  station  is  described  m  Walcr-Supply  ana 
p.  2«. 

•  Heiehts  given  for  178G  to  184(iure  noipliis  al»ovc 
lan.  vol.  J.  p.  235;  and  Rept.  ol  Chiol  Knguieer  l'. 
Iwen  compuied  from  tnegage  heignt.>  given. 

<  Due  to  ice  gorge. 


rnguiion  Taper  U.  S.  Geological  Survey.  No.  97 

w  w.iter.     See  Repi.  New  Jersey  Geol.  Survey  for 
S.  .\riny  lor  1873  .\pp.  U,  p.  19.    Discharges  have' 


According  to  these  records  the  largest  flood  on  thi.s  stream  since  1786  occurred  January  8, 
1H41,  during  which  the  rate  ol  flow  was  254,r)(X)  .second- lee t,  or  37.1  second-leet  per  square 
mile.  The  largest  in  recent  yeari>  was  the  great  flood  of  October,  1903,  the  rale  on  the  11th 
'x'ing  170,900  second-feet,  or  25.8  second-leet  \wi  square  mile.  Tiie  storm  that  produced 
the  flood  on  this  stream  caused  an  unprecedented  flood  on  the  Passaic  .River.« 


a  Water-Sup.  and  Irr.  Taper  No.  OJ,  I .  S.  Geological  Survey,  1W)4. 
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DESTRUCTIVE   FLOODS   IN    UNITED   STATES    IN   1905. 


SUSQUEHANNA  RIVER. 

The  Susquehanna,  the  largest  river  on  the  Atlantic  slope,  rises  in  Otsego  Lake,  New  ^fc'wi, 
at  an  elevation  of  about  1 ,193  feet  above  sea  level.     It  falls  this  height  in  422  miles,  b  -t^tits 
fall  per  mile,  unlike  that  of  most  streams,  is  greater  in  the  43  miles  just  above  its  moulK    tbiu 
in  any  other  part  of  its  course.     In  these  43  miles  it  falls  231  feet. 


Fig.  11.-  Map  of  (IrairiHgc  basin  <  f  Susquehanna  Rivor. 

Tlie  basin  is  fan  shaped,  Ix'ing  nearly  as  broad  as  it  is  long,  and  has  an  area  of  27,400 
square  miles.  Its  topography  is  e.xtieniely  varied  in  (haracter.  The  upper  part  is  a  pla- 
teau— a  rolling  country  with  mcnlerately  rapid  run-off.  Nearly  all  the  remainder  is  moun- 
tainous, with  steep  slopes,  little  forest  area,  little  surface  storage,  and  comparatively  little 
ground  storage.  Spring  freshets,  due  to  the  rapid  melting  of  the  winter's  snow  and  to  ice 
gorges  in  the  streams,  are  of  frequent  occurrence. 
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r'lDg  table  gives  the  daily  rate  of  flow  at  Harrisburg  during  the  large  floods  that 
;d  from  1865  to  1905,  and  the  date  of  each: 

Flood  fiaw  of  Susquehanna  River  at  Harrisburg  ^  Pa.,  1865-1905. a 
[Drainage  area,  24,030  square  miles.    Danger  line,  17  feet  gage  height.] 

Year.! 


Date. 

Gage 
height. 

Feet. 

iry  18 

14.3 

iry  19 

19.0 

iry  20 

17.8 

iry  21 

13.3 

ns 

16.2 

16.5 

14.6 

16.3 

, 

25.6 

t 

21.4 

1 

15.3 

23 

10.9 

24 

15.6 
15.3 
11.7 
9.3 
21.4 

25 

26 

berlS 

bene 

Discharge. 

Sec. -fee!. 
(*) 
670,000 

to 
735.000 
217.580 
234,500 
301.460 
198.700 
82,900 
259.660 
267,400 
223.240 
262.240 
540,720 
404.800 
237, 780 
154.480 
244, 740 
237, 780 
168.980 
126,050 
404,800 


Date. 


1901 


1902 


1905 


DecemtxT  17. 
December  18. 
December  19. 
February  28. . 

March  1 

March  2 

March  3 

March  4 

March  5 

March  0 

March  1 

March  2 

March  3 

March  5 

March  6 

March  7 

March  8 

March  9 

March  10 

March  11 

March  21 


Gage 
height. 

Feet. 

18:6 

14.2 

9.8 

9.7 

20.3 

23.9 

23.3 

21.4 

16.3 

12.3 

13.4 

16.8 

14.5 

e  128.0 

<^  128.0 

f  126.4 

<146.6 

C130.2 

el30.4 

«130.9 

15.7 


Discharge. 

Sec. -feet. 
323.380 
215,720 
134,900 
133,150 
371,950 
483,760 
464,320 
404,800 
262,240 
179,960 
200,600 
275,200 
221,300 
141,100 
141,100 
118,500 
ddOO,000 
176,500 
180,700 
192,000 
283,700 


ption  of  gaging  station  afid  station  rating  table  see  Water-Sup.  and  Irr.  Paper  No  109, 

ateiy  the  same  as  during  flood  of  J  une,  1889. 

Ferry.    Above  .sea  level. 

ale  maximum  discharge,  631,000  .second- foe t. 

large  floods  have  wcurrcd  during  this  period.  Two  of  these  occurred  in  March 
e  to  rapid  mehing  of  snow  and  to  ice  gorges,  and  two  oi'curred  later  in  the  year 
;  to  rainfall  alone.  The  flood  of  June,  1889,  was  the  largest  and  had  a  maximum 
28  to  30.6  second-feet  per  square  mile  at  Harrisburg.  The  storm  causing  this 
ibout  thirty-four  hours.     During  this  time  from  4  inches  to  9  inches  of  rain  fell.a 

reached  a  stage  of  33.5  feet  above  low  water  at  VVilliamsport,  on  the  West 
le  highest  stage  at  this  place  during  the  flood  of  1865  was  27  feet. 

was  very  large  on  Chemung  River,  a  northern  tributary  of  the  Susquehanna, 
ira  rate  of  flow  at  Klmira  on  J  une  1  from  2,055  square  miles  was  67  second-feet 
iile.fr 
>f  March,  1904,  is  descrilwd  in  VVater-SuppIy  Paper  No.  147,  pages  22  to  32. 

POTOMAC    KIVKR. 

lacr  is  formed  by  the  union  of  its  north  and  south  branches  15  miles  below  Cum- 
Frora  Cumberland  to  (ieoigetown  the  river  falls  610  feet  in  185  miles.  The 
and  comparatively  narrow  and  has  an  area  of  14,.'500  square  miles.  The  basins 
ches  of  the  Shenandoah,  its  prmcipal  tributary,  are  also  long  and  narrow.  The 
3f  the  Potomac  ba.sin  is  mountainous,  with  steep,  nearly  impervious  slop)es,  little 
.nd  no  surface  storage.  All  the  topographic  features  favor  rapid  run-off;  hence 
quent,  sudden,  and  lar^c.  The  valley  of  the  Shenandoah  is  somewhat  broader 
the  Potomac,  and  the  range  of  surface  fluctuation  of  the  stream  is  not  so  great. 

pt.  Chief  Engr.  U.S.  Army,  is91,  p  1105.    .\lso  Kng.  News,  vol.21,  p.  528. 
port  oX  Francis  Coilmgwood  on  '  Protection  of  Elmira,  N.  Y    against  floods  " 
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The  following  table  gives  the  daily  rate  of  flow  of  this  stream  during  the  large  floods 
1889  to  1905  and  the  date  of  oc<?urrence  of  each: 

Flood  flaw  of  Potomac  River  at  Point  of  Rocis,  Md.,  1889-1905, a 
[Drainage  area,9,r»30  square  miles.] 


Year. 


1877 


1895 
189ti 


1897 


Date. 


1899 


1901 


June  2 

March  3 

Soptcm!x?r30., 

October  1 

Oetol)er2 

Februar>'  22... 
February  23. . 
February  24.. 
February  25. . 

May  3 

May  4 

Mays 

May  14 

May  15 

May  16 

August  10 

August  11 

August  12 

August  13 

Octol)er22 

Oct()lH>r23 

October  24 

Frbruary  22.. . 
February  23... 
February  24.. . 
Fobrunry  25... 
February  27.. . 
Foliniary  2S... 

Man-h  1 

March  2 

March  5 

March  ll 

March  7 

March  S 

March  11 

March  12 

Manih  13 

April  15 

April  10 

April  17 

April  20 

April  21 

April  22 

April  23 

April  24 

April  25 

May  22 


leiXt.    I>i«charge.| 


heig] 


Feet. 


Sec.'feet. 


10.0 
5.3 

21.9 

12.1 
0.7 

21.2 

24.0 

10.8 
0.5 

14.0 
8.5 
8.9 

12.0 
8.0 
5.0  I 

14.0  > 

10.1  1 
9.  5  ^ 
5.4 

13.1 
10.1 

8.5 
14.  S 
13.7 

9. 0 

9.  3 
13.9 
11.9 

9.  2 

S.  5 
ir,.r, 
12.9 
10.0 

4.2 
12.4 

9.  9 

9.0 
15.0 

8.3 

5.4 
11.4 
20.8 
15.8 
11.2 

7.9 

1.9 


Year. 


f 470, 000 
(i5,960 
25.380 
150.800 
78.4d0 
34,900 
154,000 
182,200 
117,400  ' 
33,480 
94,200 
48.700 
51.900 
82.580 
44.720  I 
27.340  || 
94,200   I 
111. GOO  ll 
50,850  ij 
2('>.020  1 1 
86,730   1 
01,830  'i 
48.700  „ 
100,800  , 
91,710 
52.700  I 
55. 190  I 
93.370  I 

"•'■'•"  'i 

.■.4.:{«4)  1 

48.7(X)  I 

115.8«)0  I 

S,'>.070  ! 

01.000  ' 

18.«iS0  ' 

SO. 920  ' 

rrf).  170 

52,700  'j 
102, -.00 

47.100  'l 

20.020  |1 

72.«i20  ' 


1901 


Date. 


1902 


150,000  1 1    1905 
109.  ICO  'l 

70.1H«  'I 

43.940  1 1 


May23 

May  24 

May  25 

December  15. 
December  16. 
December  17. 
December  18. 
December  29. 
December  30. 
December  31 . 

Janoar>'  1 

February  25.. 
February  26.. 
February  27.. 
Februarj'28.. 

March  1 

March  2 

March  3 

March  4 

March  11 

March  12 

March  13  ... . 

March  14 

March  15 

March  10 

April  8 

April  9 

April  10 

April  ll 

.\pril  12 

April  13 

F«'])ruary  28.. 

March  1 

March  2 

March  3 

March  24 

March  25 

March  20 

April  14 

April  15 

April  10 

April  17 

April  18 

March  10 

MaiTh  11 

March  12 

March  13 


h^^t.D'-' 


Feet.  1 

12.6 

14.2 

9.3 

8.1  ' 

17.2 

13.3 

6.9  I 

4.4  ' 

13.8  I 

18.4 

11.7  I 

4.4 

17.8' 

27.2  j 

18.0 

22.5  1 

29.0 

lai  i 

10.2 
12.0 
12.4  I 
14.0  i 
13.8 

12.0  ! 
10.2 

G.4 

16.4  ' 
14.3 
12.9 
12.2 

11.5  1 
5.4! 

14.2  I 

15.3 
8.9  ' 
7.0, 

12.1  1 

5.6 
14.4  1 
15.1 
14.0 
10.4 

0.4 
11.0 
10.1 

6.9 

I 


Sec, 


a  Description  of  this  station  is  i 
b  See  Kept.  Chief  of  Engrs.  U.  I 
c  Discharge  at  Chain  Bridge. 


iven  in  Water-Sup.  and 
i.  Army,  1881,  p.  940,  for 


Irr.  Paper  l*.  S.  Cicol.  Survey  No.  167. 
comparisons  of  floods  of  18/7  and  188 
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The  largest  flood,  except  for  thaUof  1889,  in  the  lower  part  of  this  basm  occurred  in 
February,  1881 ,  and  was  due  to  an  ice  gorge.a  The  stage  at  Long  Bridge,  Washington, 
D.  C.J  was  2.5  feet  greater  than  during  the'  flood  of  1877.  About  254  acres  of  the  city  of 
Washington  was  submerged  during  this  flood. 

On  June  2, 1889,  occurred  the  largest  flood  on  this  stream.  Above  Harpers  Ferry  b  it 
reached  a  stage  of  34  feet  above  low  water  and  6.8  feet  above  that  attained  during  the  flood 
of  1877.  The  mean  rate  of  flow  June  2  at  Chain  Bridge,  Washington,  was  40.9  second-feet 
per  square  mile  from  11,500  square  miles  of  area. 

The  storm  c  causing  this  flood  extended  from  Kansas  to  the  Atlantic  and  from  the  Great 
Likes  to  the  Carolinas.  It  caused  unprecedented  floods  in  the  Susquehanna  River  basin, 
ifid  to  it  was  due  the  gseat  disaster  at  Johnstown,  Pa. 

The  largest  flood  since  1889  was  on  March  2, 1902,  when  the  discharge  was  218,700  second- 
feet  at  Point  of  Rocks. 

C^VPE  FEAR  RIVER. 

Cape  Fear  River  is  formed  by  the  junction  of  New  and  Deep  rivers  in  Chatham  County, 
N.  C,  flows  192  miles  in  a  general  southeasterly  direction,  and  empties  into  the  Atlantic 
Ocean^  Steamers  of  light  draft  ascend  the  river  to  Fayetteville,  a  distance  by  river  of  160 
miles.  From  Fayetteville  up  to  Smileys  Falls,  a  distance  of  25  miles,  the  fall  is  only  1.25 
feet  per  mile. 

The'basin  above  Fayetteville  is  long  and  narrow  and  has  an  area  of  3,860  square  miles. 
It  is  gently  rolling  or  hilly,  with  thin  soil  that  absorbs  moisture  slowly.  The  run-off  into 
the  main  channel  is  therefore  large  and  rapid  and  the  floods  on  this  stream  are  more  violent 
than  those  on  any  other  stream  in  North  Carolina. 

The  following  table  gives  the  stages  of  this  stream  at  Fayetteville  during  all  the  large 
floods  from  1889  to  1902  and  the  approximate  daily  discharge  during  some  of  them: 


a  Kept.  Chief  of  Engrs.  U.S.  Army,  1881,  p.  940. 
6  Kept.  Chief  of  Engrs.  U.S.  Army,  1889,  p.  985. 
,c  Eng.  News,  vol.  21,  p.  528. 
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Flood  flow  ofCaT>e  Fear  River  at  FayeOeviUe,  N.  C,  1889-1904.a 
[Drainage  area,  3,860  square  miles.    Danger  line,  38  feet  gage  height] 


Year.' 


Date. 


February  20. 

June  1 

June  2 

Junes 

July  3 


h^|gr.5'^«»«*»»^i,Year. 


July  2:) 


1891 

I 


1893 
1894 


August  1 . . 
March  14.. 
May  30.... 
August  24. 


Feet.  .1 
43.0    . 

lao  '. 

40.0  I. 
30.0  I. 
43.9  I. 

45.0 

44.2 
41.0 
45.1 
43.1 


January  21   i      49.5 


Sec-feet. 


53,000 

to 
58,000 


5.'),  000 

to 
(»5,000 


1895 


^-to.        Ji|g!.^;I>'-*»'^^ 


J 


Feet.   '    Sec.-t^ 

April  10 '  47.7 

Mayl i  44.6 

February  8 '  48.0 

Julyll I  49.5 

February9 ■  52.0 

February  20 1  43. 0  I 

March  17.... 42.0 

il  1900  '  Aprll21 1  44.0  j 

April  22 1  44.0 

April  5 47.7  I 

May22 1  14.0  ' 

May23 48.0; 


^t. 


February  15. 
OctolH-r  24 . . . 
October  12... 
January  10.. 
January  11.., 


January  12 

January  13. 
January  14. 
January  15. 
Miirch  22... 


42.3  . 
42.0 
47.9  I 
37.0 
52.0 

58.0 

50.0 
47.4 
38.0 
41.0 


58,5 


70,000  I 

to 
90.000  I 


1902 


19a3 


May  24 

May25 54.7  '. 

May26 '  42.0  . 

May  27 j  ai9  . 

July  15 '  41.5  . 

August  15 ■  42.0  . 

SoptemlK^r  20 '  43.6  . 

February  4 j  40.3  . 


70,C=: 


March  2. 
March  2."). 


41.7 


I 


0.5   \ 


to 
6.5,00^ 


a  A  description  of  thi.s  gaging  station  is  given  in  Water-Sup.  and  Irr.  Paper  U.  S.  Gcol.  Survey  No 
83,  p.ai. 
t>  I'.  S.  Weather  Bureau  gage  records. 

Note. -The  lowest  stage  was  0.7  foot  on  the  gage  October  5,  180.'),  ami  the  flow  was  0.0(®  second-foot 
per  square  mile. 

The  largest  flood  during  tins  period  occurred  in  May,  1901,  and  reached  a  stage  of  5S.5 
feet,  or  uhout  r)8  feet  above  low  water.  The  discliarge  is  estimated  to  have  been  from  70,000 
to  90,0(X)  .second-feet,  or  from  18  to  23  second-feet  per  square  mile.  High  stages  occur  often 
in  this  sireuni,  and  in  nearly  all  months  of  the  year.  The  rise  and  fall  are  very  rapid.  The 
very  great  range  of  stage  at  this  place  is  due  to  the  small  slope  of  the  stream  l>ed  and  the 
small  channel,  which  is  U-shaped,  with  high  hanks  and  small  bottom  width.  At  the  junc- 
tion ol  New  and  Deep  riveis,  where  the  slope  and  width  are  greater  than  at  Fayetteville. 
th(^  range  of  stage  is  about  25  feet.  It  is  rep<irted  that  the  stage  at  Fayetteville  has  been  75 
feet. 

SAVANNAH  KIVER. 

Savannah  River  is  formed  by  the  junction  of  Tugaloo  and  Seneca  rivers  in  the  northern 
part  of  North  Carolina,  about  100  miles  north  of  Augusta,  flows  in  a  southerly  direction  a 
distance  of  355  milei5  by  river,  and  empties  into  the  Atlantic  Ocean  at  Savannah  The 
stream  is  navigable  to  Augusta,  a  distance  by  river  of  248  miles.  The  lall  in  this  distance 
IS  above  130  feet.  From  Augusta  to  Andersonville,  a  distance  of  107  miles,  the  fall  is  270 
leet.  The  l)asin  is  long  and  narrow  and  compiises  a  drainage  area  alwve  Augusta  of  7.500 
square  miles.     The  upper  part  extends  well  up  into  the  Blue  Ridge  Mountains  and  has  a 
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rapid  run-off.  Numerous  comparatively  small  streams  enter  the  main  stream  at  consider- 
able distances  apart.  This  stream  is  subject  to  large  freshets,  due  to  rain  and  the  rapid  melt-. 
ing  of  snow  in  the  mountains  in  the  spring.  The  greatest  flood,  however,  occurred  in  Sep- 
te-mb^,  and  was  due  to  rain  alone. 

The  following  table  gives  the  daily  rate  of  flow  of  this  stream  at  Augusta,  Ga.,  during  all 
t  he  large  floods  from  1840  to  1905: 

Flood  discharge  of  Savannah  River  at  Auguftla,  Ga.,  1840-li)Oo.a 
[Drainage  area,  7,500  square  miles.    Danger  line,  32  feet.    Lowest  stage,  2.,>  feet.] 


Year. 


Dale. 


1^40 
1852 

18rV5 
187S 
1888 
1881 


\m 


May  28 

August  29... 

January  II.. 

July  31 

Septeniber  11 

March  17.... 

March  18.... 

March  19.... 

March  31 ... . 

April  i 

I  April  2 

I  May  20 

I  May2l 

I  May  22 

M87^Ju|y29 

July  30 

July  31 

August  1 

August  2 


Augusta 

'  August  4 

'  August  5 

I  Augu.«»t9 

i  August  10 

i  August  11 

I  March  29 

j  March  30 

March  31 

I  September  9.. 
I  September  10 
,  September  11. 


1   Gage 
height.^ 


Feet. 
37.8 
30.8 
3<').4 
34.5 
38.7 
28.5 
32.2 

23  3 
30.8 
32  2 
29.0 
28.7 
32.5 
2i\  8 
14  0 
32.3 
34  5 
32.0 
28.1 
31.7 
32  I 
23.9 
30  8 
33.0 

24  0 
30.0 
32 
29  8 
23  5 
34  7 
38.1 


Discharge. 'i  Year. 


Date. 


7  I 


1 


Sec. -feet. 

f 253, 000 

c220,000 

c202,000 

<- 143,000 

C300.000 

90,800 

123.3liO  ji 

47,000  'I 

111,040  i; 

123,300  !| 
95,200  l| 
92,500  ij 
120.000  ' 
75,840  1 
17,900 
124.200 
143,000 
121.(00 
87.280 
119,(XK) 
122.500 
51,380 
111,000 
130.400 
52.000 
109,  .JOO 
127,800 
102. 2(N) 
48.900 
148,000 
270. 500 


1888  , 


1889  I 


St?ptemht»r  12. 
September  13. 
February  18.. 
February  1ft. . 
!  I  February  20.. 

I  1891      March  9 

March  10 

March  II 

I  March  12 

I  March  13 

I  March  14 

1892  I  January  20.   .. 

January  21 

I  January  22 

1896     July  9 


I 


1899  i  February  7.. 
j  Frbiuary  8. . 
]  Fehruaiy  9. 

1900  February  13. 


February  14 

February  15  


1902  I   February  28. 


March  1    

March  2 

March  3 

teoruary  8  j      30  7 

February  ;)  .... 
Formiary  10 


height.6 

Discharge. 

Feet. 

Sec.-feet. 

33.9 

138,300 

23.2 

47,500 

30.0 

109,300 

32.9 

129,500 

29.3 

97,840 

31.2 

114.  (XX) 

35.3 

165,400 

32.0 

126,900 

27.7 

8:1,700 

31.2 

114,000 

29.5 

99,000 

31  0 

112,800 

32  5 

120.000 

20  8 

75. 840 

29.2 

90,900 

30  2 

105.800 

25  8 

07,040 

28.0 

80,400 

31.0 

112,800 

29  9 

103. 100 

29  0 

100.500 

32  3 

124,200 

22  1 

41,480 

25  5 

04,400 

ii  8 

137.400 

.33  3 

133  000 

28  (i 

91.080 

30  7 

110.200 

3,10 

130.400 

28  ; 

92.560 

25  3 

02. 700 

«  Description  of  sution  m  Wa 
^  Property  of  city  ol  Augusta, 
c  House  Document  No  213  5i 


ler-Sup  ana  irr   Papei  U    S  (ieoi  Survey  No  98  p. 57 
Ga 
St  t'ong    1st  sess 


The  largest  flood  at  this  place  during  the  period  covered  by  the  table  occurred  Septemljer 
11, 1888.«  The  maximum  stage  was  38  7  ieet  and  the  maximum  late  of  flow  wa.s  40  second- 
feel  per  square  mile  The  normal  ramlall  lor  Si^plemher  at  Augusta  is  2  to  4  inches.  The 
rainfall  for  September,  1888.  was  12  niches  The  water  was  fiom  1  foot  to  12  feet  deep 
over  a  part  of  the  city  of  Augusta,  and  the  flood  did  a  luige  amount  of  damage. 

Second  m  size  was  the  flood  ol  1840,  during  which  the  maximum  rate  of  flow  was  33.7 
second-feet  per  square  mile. 


•  Report  on  survey  of  tn«  Savanuah  River  above  Augusta.  (Ja.,  House  Doc  213, 51st  Cong  ,  Ist  sess. 
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DESTRUCTIVE   FLOOD8   IN    UNITED   STATES   IN    1905. 


AI^ABAMA  HITER. 

Alabama  River  is  formed  by  the  junction  of  the  Coosa  and  Tallapoosa  rivers  6  miles  ab 
Montgomery,  Ala.  The  drainage  basin  of  these  streams  is  hilly  country,  well  wooded, 
about  one-fourth  of  the  land  is  under  cultivation.  The  streams  have  comparatively  1 
fall,  a  sluggish  flow,  and  are  subject  to  great  fluctuations  of  stage.  The  channel  is  deep 
the  area  flooded  comparatively  small  for  such  extreme  fluctuations  of  stage. 

The  following  table  gives  the  daily  rate  of  flow  of  the  Alabama  at  Selma,  Ala.,  of  the  I 
floods  from  1891  to  1904: 


Flood  flow  of  Alabama  River  at  Selma,  Ala.,  1891  to  1904.  a 
[Drainage  aroa,  15,400  square  miles.    Lowest  water,  - 1 .9  feet.  November  9. 1894.    Danger  line,  35 


Year. 


1891 


.1892 


1893 


Date. 


Oago 
eight.i 


I  heigl 


1S07 
1899 


March  13... 
March  14... 
March  15... 
January Ifi. 
January  17. 
January  18. 
January  19. 
January  20.. 
January  21., 
January  22. 
January  23., 
January  24., 
January  25., 
March  29... 
March  30... 

April  14 

February  20 
February  21 
February  22 
March  19..., 
March  20..., 
March  22..., 

March  17 

March  3 


Feet. 
47.3 
48.0 
47.6 
50.3 
52.2 
53.8 
54.0 
53.7 
52.8 
52.4 
52.1 
52. 1 
51.3 
48.3 
48.5 
40.0 
44.0 
44.  0 
43.9 
41.8 
42.  0 
41.8 
40.7 
38.8 


Discharge. 

Sec.  feet. 
127,260 
129,200 
128,100 
135,500 
140.800 
145,200 
145.700 
144,900 
142.400 
141,300 
140,500 
140,500  'I 
138,300  l| 
130.000  j 
130.000  '] 
12:^.700  '' 
118.200  |l 
119.S00  ' 
117.900  ' 
112.200 
114,400  ' 
112.200  ', 
109.200  'l 
103.900  I 


Year. 


1900 


1901 


1902 


Date. 


I 


February  17 
February  18 

April  23 

April  24 

January*  17.. 

April  23 

January  2... 
January  3... 
Januar>'  4... 

March  4 

March  5 

March  0 

March  7 

March  31 ... . 

April  I 

April  2 

April  3 

April  4 

F<'bruary  12. 
February  13. 
February  14, 
February  15. 
February  10, 
Februars-  17. 


Gage 
eight.*  I 


heigl 


Dischi 


Feet. 
48.0 
47.9 
41.0 
40.0 
40.0 
39.0 
45.0 
¥k6 
40.3 
47.1 
47.1 
4C.2 
44.4 
48.9 
50.1 
50.7 
50.0 
48.6 
48.0 
49.5 
50.2 
50.6 
49.9 
49.0 


I 


Sec.) 
12 
12 
11 
10 
IG 
IC 
12 
12 
12 
12 
12 
12 
II 


o  For  description  of  station,  ."ee  Water-Siip.  and  Irr.  Paper  No.  S3,  p.  131. 
t»  r.  S.  Weather  Bureau  records. 

The  largest  flood  during  this  period  occurred  in  January,  1892.  The  stream  was  n 
5G  feet  above  low  water  and  the  maximum  rale  of  flow  was  1  l.'i.TOO  second-feet,  or  9.,' 
ond-feet  per  square  mile.  High  stages  occur  nearly  every  year  and  last  from  one  oi 
weeks  to  a  month.  The  flood  flow  is  comparatively  small  and  these  high  stages  are  d 
narrow  channel  and  small  slope  of  stream  bed. 

HL.vc  K  AVAnmon  uivki?. 

Black  Warrior  River  is  formed  by  the  junction  of  the  Mulberry  and  Sipsey  forks  at 
riortown,  Ga.,  flows  in  a  southerly  direction  and  empties  into  the  Tombigbee.     The  1 
is  rolling  or  flat  open  country,  much  of  which  is  under  cultivation.     The  stream  has 
fall  and  its  flow  is  sluggish.     The  area  alx)ve  the  gaging  station  at  Tuscaloosa,  Ali 
4,900  square  miles. 
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Fhe  following  table  gives  the  daily  flow  at  this  station  during  the  large  floods  from  1889 
1905: 

Flood  flow  of  Black  Warrior  River  at  Tuscaloom,  Ala.,  1889-1905.  a 

Diminage  area,  4.900  sqaaro  miles.    Danger  line.  43.0  feet  gage  height.    Lowest  stage.  —  0.8  foot.] 


Date. 


99    January  18. . 
Febmary  18. 
I  February  19. 
February  20. 


» 


I 


I, 


»l 


February  9.. 
February  10. 

March  1 

March  2 

'March  3 

'Aprils 

'  Februarys.. 
February  9.. 
February  10. 
February  1 1 . 
February  12. 
Febniary  13. 
February  14. 
February  15. 

March; 

j  March  8 

I  March  9 

I  March  10 

|Marchll.... 
MK I  January  13.. 
I  January  14.. 
I  January  15.. 
January  16.. 

April  6 

April: 

Aprils 

-April  9 

April  10 

April  11 

April  12 

I  April  13 

I  April  14 

I  July  11 

«Wi  February  16. 

I  February  17. 

February  18. 

I  February  19. 

May  4 

!May5 

I'Mayft 

j  June  3 

1  June  4 

IS  I  January  9 

I  January  10... 


I 


i; 


Gage 
hoight.^ 


Discharge.  ,,  Year. 


Feet.     ' 

40.5  I 
56.4  I 

56.6  I 
53.0  1 
54.0  ! 
52.9  ' 
58.9  i 
57.4  ' 

52.4  I 
45.9 

51.5  I 
51.5  i 

52.2  I 

53.5 ; 

50.5  I 

47.6  : 

51.4  i 

49.5  I 
53.0  I 
58.0  i 
60.4  , 
58.0  I 
54.0 
53.0  ' 
57.4  ' 
55.9  ' 
51.7 
11.6 

56.3  I 
63.2  I 
62.2  I 
58.0  I 
52.3 
45.  4 
40.7 
36.5 
46.2 
52.2 
55.6 
54.7 

51.2 

52.2  I 
48.0  I 
49.  r.  I 
4<i.O  ! 

50.6  I 

49.3  1 


Sec.  feel. 
63,000 
1*26,600 
127,400 
113,000 
117,000 
112,600 
136,600 
130,400 
110,600 

107,000 
107,000 
109,800 
115,000 
103,000 

91,400 
106,600 

99,  ax) 
113,000 
133,000 
142,600 
133,000 
117,000 
113,000 
ISO.fiOO 
124,<K)0 
107,800 

126,200 
153,800 
149.800 
133,000 
110,200 


85,800 
109,800 
123,400 
119.800 
lOtl.fiOO 
lai.SOO 
109,800 
9.*},  000 
99,400 
S'),(KK) 
ia3,4«0 
9S.20() 


1897 


1900 


Date. 


1895     March  17 

March  18 

March  22 

March  7 

March  8 

March9 

March  14 

January  27... 

April  6 

January  8 

February  6.. 

February  7.. 

February  8. . 

February  9.. 

March  16 

March  17 

March  18 

March  19 

March  20 

Deceml)er  13. 

Fel>ruary  14.. 

March  21 

April  12 

April  13 

April  14 

April  17 

April  18 

April  19 

April  20 

April  21 

April  22 

April  23 

June  24 

June  25 

June  26 

June  27 

June  28 

January  12. . . 

January  13... 
I  Januarj'  14... 
I  January  1.')... 

February  5.. 

April  21 

Decern l)er  30. 
'  De<vnilx?r3l. 

1902  i  January  1 

I  February  3.. 

Marc-h  1 


1901 


Gage 
height.6 


Discharge. 


a  Description  of  station  in  Wator-Sup.  an<l  Irr.  Paper  No.  98,  p. 
6  U.  S.  Army  Enginwrs  rt'cords. 


Feet. 

Sec.  feet. 

52.0 

109,000 

47.3 

90,200 

51.3 

106,200 

51.4 

106,600 

54.8 

120,200 

51.6 

107,400 

51.0 

105,000 

43.5 

75,000 

38.7 

55,800 

49.3 

98,200 

50.6 

103,400 

51.4 

106,400 

51.7 

107,800 

48.6 

95,400 

50.3 

138,200 

60.3 

14^,200 

57.7 

131,800 

52.4 

110,600 

49.3 

98,200 

39.5 

59,000 

48.0 

93,000 

51.0 

105,000 

52.8 

112,200 

53.4 

114,600 

48.7 

95,800 

63.0 

153,000 

64.0 

157,000 

62.2 

149,800 

59.4 

138,600 

56.1 

125,400 

•   51.7 

107,800 

4t).2 

85,800 

50.0 

101,000 

58.4 

134,600 

56.4 

126,600 

52.9 

112,600 

49.1 

97,400 

52.7 

111,800 

56.5 

127,000 

53.3 

114,200 

47.3 

90,200 

42.0 

69,000 

42.6 

71,400 

49.0 

97,000 

49.0 

97,000 

44.0 

77,000 

48.4 

94,600 

49.9 

100,  (KX) 

159. 
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Flood  fow  of  Black  Warrior  River  at  TxiscdCaosa,  Ala.,  J5S9-J905— Continued 


Year. 

Date. 

1902 

March  28 

March  29 

March  30 

March  31 

April  1 

1903 

Februarys 

Februar>'9 

February  10 

February  11 

February  12 

February  13 

Gage 
heigh 


i  Feet. 

i  60.4 

I  60.6 

I  5S.3 

I  57.4 

I  52.9 

I  56.4 

I  55.9 

'  51.5 

I  52.0 
53.8 

i  51.1 

I 


Dischaiige. 


Sec-feet. 
142,600 
143,400 
134,200 
130,600 
112,600 
126,600 
124,600 
107,000 
109,000 
116,200 
105,400 


Year. 


1903 


1905 


Date. 


February  17. 
February  18. 
February  19. 

March  1 

May  16 

January  14.. 
February  9.. 
February  10. 
February  11. 
February  22. 


height.  I 


Die 


Feet. 
56.7 
56.8 
53.0 
54.3 
43.4 
46.1 
S5.5 
56.9 
54.5 
47.7 


Se 


I 


Tho  largest  flood  during  this  period  was  in  April,  1900.  The  stage  on  the  18th 
feet,  or  about  64.8  feet  above  low  water.  The  maximum  daily  rate  was  157,000 ; 
feet,  or  32  second-feet  per  square  mile.  This  great  range  of  stage  is  due  to  sluggi 
and  narrow,  deep  channel.     They  last  from  one  to  three  or  four  weeks. 

It  is  reported  that  the  stage  at  this  place  has  been  87.6  feet. 

MONONGAUELA  RIVER. 

The  Monongahela  rises  in  the  north-central  part  of  West  Vii^inia,  flows  in  a 
northerly  direction,  and  joins  the  Allegheny  at  Pittsburg  to  form  the  Ohio  (see  PI.  W 
principal  tributaries  are  tho  Cheat,  which  enters  from  tho  east  a  few  miles  north 
southern  boundary  of  Pennsylvania,  and  the  Youghiogheny,  which  enters  from  the 
McKeesport.  The  basin  of  the  Monongahela  has  an  area  of  7,625  square  miles,  em 
the  west  slope  of  the  Allegheny  Mountains.  It  is  mainly  mountainous  or  hilly,  \ 
surface  storage  and  little  forest  area,  and  stands  at  a  higher  elevation  than  the  Ohi< 
immediately  wo«t  of  it.  From  Fairmount  to  the  mouth  of  the  stream,  a  distance 
miles,  tho  fall  of  the  river  is  about  1.1  feet  per  mile.  This  part  of  the  stream  consi 
series  of  slack-water  basins  formed  by  dams.  • 

The  following  table  gives  the  daily  rate  of  flow  of  the  Monongahela  at  Lock  No.  4 
all  the  large  floods  from  1886  to  1905: 

^lood  floxr  of  the  Monongahela  Rive?-  at  Loclc  No.  4,  Pennsylvania ^  1880-1905 
[DraiuaKO  area.  5.0)  stiiiun*  iiiilos.    Lowo.st  stage,  3.2  fwt.     Danger  line,  28  feet.] 


Year. 


1886 


Date. 


Gag»'     ' 
height.o  ' 


Discharge,    i  Yc^r. 


Date. 


March  31 . 
j  April  1... 
April  2... 
Aprils... 
Aprils... 
April  6... 
April  7... 
Aprils... 
Mays.... 

May  9 

May  10... 
May  11... 


Feet. 
Hi.  5 
27.0 
23.5 
16.0 
18.5 
2o.O 
2rt.O 
19.5 
6.5 
22.0 
16.5 
11.5 


Sec. -feet,  \ 

33,600  I 

92, (KX)  I 

70,800  I 
31.300 

43,(i00  1 

79,800  i 

85,800  i| 


1886 


1887 


May  12. 

I  May  13 

May  14 

M»iy  lo 

,  May  16 

February  3. . 
I  Fel)ruary  4.. 

February  5. . 

February  6.. 

February  2«i. 

February  27. 

February  28. 
o  U.  S.  Weather  Bureau  records. 


Gage 
height. a 


Dl, 


48,600 

62,300 
33,600 


Feet. 
10.2 
15.3 
21.2 
24  3 
16.5 
14.0 
31.0 
24.5 
16.3 
11.7 
28.0 
24.0 


j... 
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loodfawofihe  Marumgahda  River  at  Lock  No.  -4,  Pennsylvania,  1886-1906— Continued, 


Date. 


no 


B7|  March  1. 

ffi    JanoAiy  8 

1  January  9 

January  10 

1  July  9. 

July  10. 

July  11 

Julyli 

July  13. 

February  17.. 

February  18.. 

February  19.. 

February  20.. 

April  13 

April  14 

April  15 

iMaySl 

I  June  1 

I  June  2 

I  November  9.. 
I  November  10. 
,  November  11. 

January  7 

January  8 

January  9 

January  10... 

February  3... 

February  4... 

February  5... 

February  6... 

February  20. . 

February  21.. 

February  22.. 

March  22. 

March  23 

March  24 

March  25 

October  12.... 

Octol)er  13.... 

October  14.... 

October  15. . . . 
\  October  16.... 

*1  I  January  1 

,  January  2 

January  3 

January  4 

January  5 

February  10.. 

February  11   . 

Feb-uary  12.. 

February  16.. 

February  17.. 

February  18.. 

February  19.. 


height. 


Discharge. 


Feet. 
16.3 
19.5 
20.7 
16.5 
6.9 
26.0 
42.0 
27.0  j 
14.5  |. 
.2.7  I 
27.0  I 
25.5 
19.5  I 
13.0  i 
21.0  i 
.7.7  I 

&7    ;. 

25.0  I 
19.4 
11.9  ' 

21.4  I 
l&O  ' 
10.0  I 

20.5  I 

20.0  I 

16.4  ! 
10.8  ' 
2...  I 

21.1  I 

16.2  I 

11.0  ' 

23.5  ' 
19.5  ! 
19.5  j 
31.8  I 
28.5 
18.8 
11.8  I 

20.1  I 

24.3  I 
21.5  i 
15.0  i 

9.0  , 

27.0  I 
31.3  I 
20  8  ; 

14.1  I 
17.0  I 
24.0 
IS.  8  I 
12,  3  ' 
21.8  1 
20.5  j 
16.3  I 


Sec.'feet. 
32,650 
48,600 
55,150 
33,600 


Year. 


1891 


1892 


85,800  I, 
207,000  , 
92,600  I 


17,490  j 
92,600  I 
82,800  ; 
48,600 
18,540  ! 

56,800  ; 

30,600  , 


79,800 
48,100 
15,000 
50,000 
41,100 


54,050 
51,300 
33,100 


57,350 
57,350 
32,200 


70,800 
4^,tK)0 
48,  (XX) 
126,200 
103,100 
45,100 
14,800 
61,850 
75,<K)0 
59,550 
26,800  ll 
i 


92,600 
122.700 
55,700 
22,920 
36,100 
73,800 
4->.  100 
16,210 
61,200 
54,050 
32,650 


1895 


Date. 


1897 


1898 


February  22.. 
February  23. . 
February  24.. 
January  13. . . 
January  14... 
January  15... 
January  16... 

April  23. 

April  24 

April  25 

January  29... 
January  30... 
January  31... 

January  6 

January  7 

January  8 

January  9 

January  10... 
January  11... 
January  12... 

March  15 

March  16. ... . 

March  17 

March  18 

I  March  19 

March  20 

March  21 

July  30 

July  31 

August  1 

August  2 

February  22. 
February  23. 
February  24. 
Fcbniary  25. 
Feb  ma  ry  26. 

May  14 

May  15 

May  16 

Decern  lx?r  5.. 
December  6.. 
December  7.. 
January  10.. 
January  11.. 
January  12.. 
January  13. . 
January  16.. 
Januivry  17. . 
January  18. . 
January  23. . 
January  24., 
January  25. . 

March  17 

March  18..... 


Gago 
height. 


Discharge. 


eet. 

Sec-feet. 

19.0 

46,100 

20.4 

53,500 

15.3 

28,150 

11.0 

25.7 

84,000 

28.5 

103,100 

19.3 

47,600 

18.0 

41,100 

21.6 

60,100 

15.5 

29,050 

16.5 

33,600 

2a5 

70,800 

18.2 

42,100 

7.3 

24.5 

76,800 

30.0 

113,600 

22.0 

62,300 

15.8 

30,400 

21.9 

61,750 

19.0 

46,100 

14.5 

24,600 

21.0 

56,800 

21.7 

60,650 

16.4 

33,100 

11.2 

20.5 

54,050 

18.6 

44,100 

14.2 

23,340 

25.3 

81,600 

24.0 

73,800 

15.6 

29,500 

16.0 

31.300 

36.0 

1.50.000 

36.0 

1.59,000 

23.0 

67,800 

14.0 

22,500 

19.7 

49,650 

20.6 

54,600 

14.6 

25,040 

8.0 

20.6 

54.600 

15.6 

29,500 

14.0 

22.500 

23.9 

73,200 

20.0 

51.300 

15.  8 

30,400 

19  5 

48,600 

21.0 

'            56,800 

16  0 

31,300 

13  J 

'           20,480 

21  9 

1            61,750 

16.7 

34,600 

8  5 

20.0 

61,900 

1KB  162—06 6 
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Flood  flaw  of  {he  Mononqdhela  River  at  Lock  No.  4,  Pennsylvania,  188G-190&— Continued, 


Yew.  I 


Date. 


1904 


1906 


January  22 
January  23 
January  24 
January  25 
March  2a.. 
March  24... 
March  25... 
January  11 
January  12 
January  13 


hei^ 


Feet. 

las 

21.2 
20.0 
14.5 
14.2 
20.2 
16.8 
10.2 
24.3 
19.5 


Discharge. 


Sec-feet. 
21,680 
57,900 
51,300 
24,600 
23,340 
52,400 
35,100 


75.600 
48.600 


Year. 


1905 


Date. 


March  8.. 
March  9.. 
March  10. 
March  11. 
March  12. 
March  21. 
March  22. 
March  2a 
March  24. 


a.  |°'«*»^ 


eet. 

Sec.'feet. 

12.0 

15,300 

21.0 

56,800 

28.3 

101,700 

29.3 

108,700 

1&5 

43,600 

16.5 

33,600 

27.2 

94,000 

20.5 

64,050 

ia4 

20,080 

The  discharge  is  taken  from  a  station  rating  table  prepared  from  current-meter  meas- 
urements of  the  flow  at  Belle  Vernon,  Pa.,  and  surface  slope  data  furnished  by  T.  P.  Rob- 
erts, Corps  of  Engineers,  United  States  Army. 

The  gage  is  located  at  the  lower  end  of  the  lock  below  the  dam;  its  zero  is  717.82  feet 
above  sea  level. 

The  greatest  rate  of  discharge  during  this  period  was  on  July  11,  1888.  The  stream 
reached  a  stage  of  42  feet,  38.8  feet  above  lowest  stage,  and  a  daily  rate  of  flow  of  207,000 
second-feet,  or  38.1  second-feet  per  square  mile.  Both  the  rise  and  fall  during  this  flood 
were  very  rapid.     It  was  due  to  a  very  heavy  rain  of  comparatively  short  duration. 

The  flood  second  in  size  occurred  February  23-24,  1897,  when  a  stage  of  36  feet  was 
reached,  aod  a  rate  of  159,000  second-feet,  or  29.3  second-feet  per  square  mile.  It  was  a 
spring  flood,  due  to  rain  and  the  rapid  melting  of  snow. 

YOl  GIIIO(3IIENY   lUVEU. 

The  Youghiogheny,  the  chief  tributary  of  the  Monongahela,  drains  an  area  of  about  1,770 
square  miles.  It  rises  in  the  mountains  about  30  miles  south  of  the  Pennsylvania- West 
Virginia  line,  flows  northwestward  about  85  miles,  and  enters  the  Monongahela  at  McKecs- 
port,  Pa.  Its  chief  tributary  is  the  Casselman,  which  enters  from  the  oast,  at  Confluence, 
^&-  The  basin  is  mountainous  and  quick  spilling,  without  storage.  The  stream  bed  is 
^p  and  rocky  and  the  flow  rapid. 
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Flood  jUm  of  (he  Monongahda  River  at  Lock  No.  4,  Pennsylvania^  188&-1905 — Continued. 


Year. 


1896 


1890 


1900 


1901 


Date. 


March  19 

March  20 

March  21 

March  22 

March  23. 

March  24 

March  25 

March  26 

March  27 

March  28 

March  29 

March  30 

March  31 

April  1 

August  10 

AugU:9t  11 

August  12 

August  13 

Octol)er22.... 
October  23. . . . 
October  24.... 
Januarys.... 

January  7 

Januarys 

January  9 

February  4... 
Februarys... 
February  6..' 

March  5 

March  6 

March  7 

March  28 

March  29 

March  30 

March  31 

March  1 

March  2 

March  3 

November  2fi. 
Noveml)or  27. 
November  28. 
Noveml)cr29. 

April  4 

April  5 

April  6 

April  7 

Aprils 

.\pril  9 

April  10 

April  20 

April  21 

April  22 

April  23. 

Majr27, 


Gage 
height. 


Feet. 
16.7 
12.7 

las 

22.5 
20.7 
20.2 
24.7 
23.8 
16.0 
12.5 
12.0 
23.9 
20.7 
14.5 
17.3 
23.3 
21.0 
17.8 
14.0 
21.6 
15.8 
15.0 
215 
23.0 
15.6 
11.5 
22.0 
17. 5 
14.0 
26.9 
20.0 
9.5 
2a  0 
2a  0 
16.5 
10.2 
21.0 
19.0 
17.6 

sas 

22.6 
14.8 
18.8 
21.6 
20.6 
2a  1 
21.6 
17.0 
12.0 
2a  3 
25.5 
21.5 
17.2 
19.^ 


Discharge. 

Sec-feet. 
34,600 


21,680 
65,050 
55,150 
52,400 
78.000 
72,600 
31,300 


15,300 

73,200 

65,150 

24,600 

37,600 

69,600 

56,800 

40,100 

22,500 

60,100 

30,400 

26,800 

70.800 

67,800  ' 

29,500  ! 


62,300 
38,600 
22,500 
91,900 
51,300 


67,800  1 
67,800  I 
33,600 


56,800  I 
46,100  , 
39,100  j 
141,400 
65,600  i 
25,920  , 
45,100  I 
60,100  ' 
54,600  ! 
08,400; 
60,100  I 
36. 100 
15,300 
69.600 
82,800 
59,550 
37.100 
48,100 


Year. 


1901 


1902 


Date. 


1903 


May  28. 

May  29 

May  30. 

December  15. 
December  16. 
Decemlwr  17. 
December  29. 
December  30. 
December  31. 
January  27.. 
January  28.. 
January  29.. 
February  26. 
February  27. 
February  28. 

March  1 

March  2 

March  3, 

March  4 

March  9 

March  10 

March  11.... 

April  9 

April  10 

April  11 

April  12 

April  13 

April  14 

Deceml)€r  12 
Dccemljer  13 
Decemlwr  14 
Decemlx?rl5 
Deceml)er  16 
December  17 
December  18 
December  19 
January  3... 
Januar>'  4... 
January  5... 
February  4.. 
Februarys.. 
February  6., 
February  15. 
February  16. 
February  17. 
February  18, 
February  28, 

March  1 

March  2 

March  3. 

March  23.... 
March  24.... 
March  25.... 
March  26.... 


GaKc 
height. 

Discharge. 

Feet. 

Sec-feet. 

21.3 

58,450 

1         20.0 

51,300 

17.1 

35,600 

18.5 

43,600 

28.5 

103,100 

ia5 

43,600 

16.5 

33,600 

25.0 

79,800 

22.0 

02,300 

9.5 
25.9 

85,200 

19.5 

48,600 

16.4 

33,100 

21.5 

59,550 

18.8 

45,100 

29.5 

110,100 

25.1 

80,400 

20.0 

51,300 

15.6 

29,500 

11.3 
21.  A 

60,100 

19.  A 

49,100 

17.2 

37,100 

2ai 

51,850 

22.0 

02,300 

22.7 

66,150 

21.5 

59,550 

17.7 

39,600 

20.0 

51,300 

25.0 

79,800 

26.2 

87,000 

19.0 

46,100 

17.0 

36.100 

26.0 

85,800 

20.5 

54,050 

14.5 

24,600 

10.9 
22.1 

62,850 

18.9 

45,600 

16.0 

31.300 

21.7 

60,650 

17.8 

40,100 

10.5 
22.6 

65,600 

28.4 

102,400 

19.2 

47,100 

14.6 

25,040 

32.5 

131, 100 

24.6 

n,400 
29,050 
18,540 
69,000 
56,800 
25,040 

15.7 

lao 

2a2 

21.0 

14.6 

U.«.OEOLOOICAL  SURVEY 


O^VKX^fr^^"^  ^^^"^ 
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The  following  table  gives  the  daily  rate  of  flow  of  Illinois  River  at  Peoria,  HI.,  c 
larger  floods  from  1890  to  1905.    The  gage  heights  are  readings  of  the  United  3^'^^\ 
Weather  Bureau  gage  on  a  pile  of  the  protecting  work  of  pier  of  the  Peoria  wagon  \xi^^  \ 

Flood fow  oflUinois  River,  Peoria,  III.,  1890  to  1905.a 
[Drainage  area,  15.700  square  miles.    Danger  line,  14  feet.    Lowest  water.  2.6  feet.] 


o  Description  of  gaging  station  in  Water-Sup.  and  Irr.  Paper  No.  128,  p.  39. 
b  Heights  on  U.  S.  Weather  Bureau  gage. 
c  From  March  24  to  April  7  this  stage  was  above  20  fwt.  and  from  January  22  to  May  19  the  stage  Ai** 
not  fall  l>elow  1.1  feet. 
d  Heights  on  U.  S.  Geological  Survey  gage. 

The  largest  flood  on  thi.s  stream  in  these  sixteen  years  occurred  March,  1904.     The  gre^*^' 
est  stage  was  21 .8  feet,  or  19.2  feet  alwve  low  water,  and  the  greatest  rate  of  flow  was  57,5"^^ 
second-feot,  or  3.6<5  second-feet  per  square  mile.     For  fifteen  days  during  this  flood  tl"^ 
discharge  did  not  fall  l)elow  44,000  second-feet. 

Second  in  size  was  the  flood  of  May,  1902,  which  had  a  maximum  rate  of  3.3  .second-fe^^ 
per  square  mile. 

The  floods  on  this  stream  are  of  long  duration,  hut  have  a  very  small  rate  of  flow. 

MIS.'^ISSIPPI  RIVKR. 

The  Mi.ssissippi  has  its  source  in  Itaska  Lake,  in  northern  Minnesota,  at  an  elevation  ot^ 
1,324  feet  alH)ve  st^a  level.     From  this  lake  to  St.  Paul.  Minn.,  a  distance  of  ahout  500^ 
miles,  it  falls  ahout  1,000  feet.     The  watershed  is  mcxstlv  hilly,  without  mountains,  with 
considerahle  swampy  land  and  lake  surface.     The  surface  covering  is  drift  composed  of 
sand,  gravel,  and  Iwwlders.     The  total  area  al)ove  St.  Paul  is  36,085  square  miles,  16,350 
s(|uare  miles  of  which  is  Minnesota  River  drainage. 

The  following  table  gives  the  daily  stage  and  rate  of  flow  of  the  larger  floods  from  1867 
to  1904.  The  discharge  is  taken  from  a  station  rating  table  prepared  from  observations 
made  by  engineers  of  the  United  States  Army  in  April  and  May,  1897.  The  daily  rate  of 
flow  during  the  flood  of  1881  is  in  doubt.  It  was  less  than  120,000  second-feet  and  greater 
than  95,000  second-feet. 
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Flood  fow  of  Mississippi  Riitr  al  St.  Paul,  Minn.,  18(}7-J0O4.a 

\fiuiBMf6 arc*,  36^)65  square  inUcs.    Highest  water.  19.7  feet,  April  29.  1881 ;  lowest.  0.9  foot.  March  19, 
189G.    Danger  line.  14  ftvt.J 


Year. 


Date. 


S72 
S73 


874 

m 


M67    April21 

'  April  22 

I  April  23 

April  24 

■  April  25 

'  April  36 

June  14 

July  1 

I  July  23 

168     April  4 

W9  !  April? 

September  24-27... 

May  1^22 

April  29 

June  1 

June  13 

July  1-2 

April  14 

April  15 

April  16 

.\prill7 

.\prill8 

April  19 

April  20 

May  22-23 

May25 

April  27 

Jolyll 

June  17-18 

April  26 

April  27 

April  28 

April  29 

April  30 

Mayl 

May2 

May  3 

May  4 


Igi6 
1«77 
1S78 
1870! 

i«i 


Gage 
height.* 

Discharge. 

Fcft. 

Sec-feet. 

16.8 

74.880 

17.4' 

80,040 

17.1  ! 

77,460 

16.8  1 

74,880 

16.4  1 

71,500 

15.7 

65,840 

16.2 

69,900 

17.2 

78.320 

18.6  ' 

91,560 

9.3  ' 

15.6 

65.020 

16.1  i 

69,100 

16.0 

68,300 

15.7 

65.840 

15.5 

64,200 

11.6 

16.0  ' 

68,300 

17.0  • 

76.600 

18.0  1 

85.500 

17.8  1 

83,640 

17.5 

80.900 

17.0 

76,()00 

16.4; 

71,500 

10.4' 

7.7  i 

6.7  ' 

10.8 

15.2 

61.800 

15.3 

62,  am 

17.9 

84,o^0 

19. 0| 

95,000 

rfl9.5[' 

to 

19. 3] 

i2(),oro 

18.7 

92, 1.20 

17.8 

M.(.40 

16.3 

70,750 

15.8 

6<>,  rro 

Year. 


Date. 


1883 
1884  : 
1885 
1886 

1887  , 

1888  ' 
18W  ' 
1890  i 
1891 
1892 
1893 
1894 
1895 
1N96 
1897 


18-. -8 
18^*9 
1000 
lUOl 
1002 
IWJ 
1904 


I 


April  13 

April  25 

May  5 i 

Juno  18 

Mjirch29 

April  17 ' 

April  14 

May  21 i 

April  13 

.\pril  17 

May  26 

May  5 ; 

May21 ■ 

June  16 

April  18 ' 

April  1 ' 

April  2 1 

April3 1 

April  4 

April  5 ! 

April  6 i 

April  7 1 

April8 

April  9 ' 

April  10 ' 

April  11 ' 

April  12 

April  13 i 

April  14 ' 

April  15 

April  16 ' 

June  8 

June  22 j 

FeptPinler2o-28 ' 

April  12 ' 

June  9 1 

Octx.N'r  14 ' 

April  11 1 


Gage 
height.c 

Dischaige. 

Feet. 

Sec-feet. 

13.3 

12.2 

10.2 

7.4 

8.2 

9.6 

14.4 

4.5 

5.5 

6.4 

12.6 

14.7 

11.8 

4.6 

10.7 

16.3 

t2,a?0 

16.4 

71,  SCO 

17.1 

77,4tO 

17.4 

80,040 

17.9 

84,680 

18.0 

85,5C0 

17.8 

&.,640 

17.7 

8?,7«) 

17.8 

83,040 

17.7 

8:,  760 

17.6 

8\900 

17.1 

77.4t0 

16.6 

73, ICO 

16.2 

C0,0CO 

15.7 

(5,810 

15.2 

C',8:0 

10.7 

11.0 

6.0 

7.5 

6.8 

13.5 

9.9 

•  Tabulated  results  of  dischargp  obsorvalions  Mississippi  River  and  tributaries,  1807-98.  p.  184. 

*  Records  for  1870-71  missing. 

<U.  8.  Weather  Bureau  gage  records. 
'Maximum.  19.7  ftet. 

The  lai^gest  flood  at  St.  Paul  in  these  thirty-nine  years  was  in  April,  1S81,  when  the  rat« 
'  flow  was  from  2.63  to  3.33  .socond-foet  jxr  square  tnilc.  Second  in  size  was  the  flood  of 
ily,  1867,  which  had  a  rate  on  the  23d  of  about  92,000  second-feet. 
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KANSAS  RIVER. 

The  Kansas  is  formed  by  the  junction  of  Republican  and  Smoky  Hill  rivers  in  central 
Kansas,  flows  eastward  for  a  distance  of  180  miles,  and  empties  into  Missouri  River. 
The  two  streams  that  form  the  Kansas  rise  in  the  foothills  of  the  Rocky  Mountains,  in 
eastern  Colorado.  The  basin  including  these  streams  has  a  length  of  490  miles,  a  width  of 
140  to  190  miles,  and  an  area  of  61,440  square  miles.  It  is  rolling  prairie  country,  the 
eastern  third  being  under  cultivation,  the  remainder  covered  with  tough  buffalo  grass  sod. 
There  is  little  timber  and  no  surface  storage.  The  surface  falls  gradually  from  an  elevation 
of  about  5,500  feet  to  750  feet  at  the  mouth  of  the  stream.  The  mean  annual  precipitation 
varies  from  about  12  inches  in  the  western  part  to  35  or  40  inches  in  the  eastern  part.  The 
river  bottom  ranges  in  width  from  1  to  4  miles  and  is  almost  entirely  submerged  during  the 
largest  floods,  the  natural  channel  being  entirely  inadequate  to  pass  the  flood  flow,  the 
average  slope  of  stream  bed  being  only  1 .8  feet  per  mile. 

The  following  table  gives  the  daily  rate  of  flow  of  Kansas  River  at  Lawrence  or  Lecomp- 
ton,  Kans.,  during  the  larger  floods  from  1881  to  1905: 

Flood  fiow  of  Kansas  River  at  Lawrence  and  Lecompton,  Kans.,  J881-1905.a 

[Drainage  area  at  Lawrence,  59,841  square  miles;  drainage  area  at  Lecompton,  58,550  square 

miles.] 


Year. 


1881 
1882 
1883 
1886 


1891 
1892 


1885 


Date. 


:  Discharge.  •  Year. 


March  7. 
April  10. 
June  25.. 
May  10.. 
May  13.. 
July  22.. 
June  1... 
May  16.. 
June  5... 
June  25.. 
June  10.. 


Sec-feet. 
18,700 
19,370 
19,370 
19,370 
24,340 
24.340 
35,600 
67,700 
19,370 
26.620 
17,390 


I 


Date. 


1895 
1896 

1897  I 

1898  ' 
1899 
1900 
1961 
1902 
1903  j 
1904 
1905 


August  19 

July  20 

April  26 

June  10 

Julys 

March  10 

April  14 

July  15 

May  31 

July  7 

September  18 


Discharge. 


Sec-feet. 

17,390 

53,300 

67,700 

28,990 

&30,250 

ft  24. 900 

^25,000 

«'81.400 

6c221,000 

b 130,000 

656,000 


a  This  station  is  described  in  Water-Sup.  and  Irr.  Paper  No.  99,  p.  208. 

f>  At  l/ccompton,  Kans. 

c  From  May  28  to  June  7  the  discharge  was  above  100,000  second-feet. 

The  largest  flood  during  this  period  occurred  in  May  and  June,  1903.  It  is  fully  described 
in  Water-Supply  Paper  No.  96.  The  maximum  daily  rate  of  flow  was  221,000  second-feet, 
or  3.78  second-feet  per  square  mile.  Although  this  rate  is  very  small  as  compared  with 
that  of  eastern  streams  of  the  same  drainage,  it  was  an  exceedingly  large  flood  for  this  stream 
and  caused  the  loss  of  $22,000,000  worth  of  property  in  Kansas  and  at  Kansas  City,  Mo. 

During  this  flood  the  greatest  daily  rate  of  flow  of  Blue  River,  one  of  the  tributaries  of 
the  Kan^s,  was  7.2  second-feet  per  square  mile. 

The  spring  floods  in  this  basin,  due  to  melting  snow,  are  small  compared  with  those  that 
occur  in  May,  June,  and  July. 

In  1844  there  was  a  flood  in  this  basin  that  is  said  to  have  equaled  or  exceeded  that  of 
1903,  but  there  is  little  data  concerning  this  flood. 
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RIO  GR.VNDE. 

The  Rio  Grande  rises  in  the  Rocky  Mountains  in  the  southern  part  of  Colorado,  flows  in 
a  southerly  direction  through  Now  Mexico,  in  a  southeasterly  direction  through  Texas, 
and  empties  into  the  Gulf  of  Mexico.  The  basin  al>ovc  San  Marcial  is  long  and  compara- 
tiTciy  narrow  and  its  area  above  the  gaging  station  at  that  place  is  28,()67  square  miles. 
The  slopes  are  steep,  bare,  and  impervious,  with  no  surface  storage.  The  precipitation  is 
small  and  generally  torrential,  except  that  which  falls  as  snow  at  the  headwaters  of  the 
streams. 

The  following  table  gives  the  daily  rate  of  flow  of  the  Kio  Grande  at  San  Marcial,  N.  Mex., 
during  the  largest  floods  from  1895  to  1905 : 

Flood  flow  of  ike  Rio  Grande  at  San  Marcial,  \.  Mex.  1805  to  J905.a 
[Drainage  area,  28,007  sqiian>  iiiiloM.] 


Year 


18^ 
1896 

ISffl 

1S8K 

1809 
1900 

1901 
1902 
1903 
1904 


Date. 


Discharge.  |  Year. 


i 


Date. 


'    Sec.-ffft. 

AprillS 7.800 

AprU29 4.800 

MaylS 4.800 

May  21 21,750 

Junes. 10.750  i 

AprU30 11,300 

July  17 ir.,775 

July20 4,<.55 

May22 0.250 

Septcmlxjr  9 8, 500 

May  25 5. 000 

A  ugust  26 10.  TiOO 

June  18 18.880 

September  29 3.280 

September  30 7. 550 


Discharge. 


OctoUT  1.. 
Octol)«T2.. 
OctolxT  3. . 
OctolK'r4.. 
Ocolwr  9. . . 
October  10. 
Oetol)er  11. 
October  12. 
Octolx^r  13. 
October  14. 

May  23 

May  24 

May  25 

May  26 


Sec.'/eet. 
8,550 
18,400 
19,700 
5,000 
12,000 
24,000 
33,000 
24,800 
21,750 
15.900 
28.000 
29,070 
23,540 
28,000 


a  A  description  of  this  gaging  station  is  given  in  Water-Sup.  and  Irr.  Tap^'r  No.  U$»,  p.  382. 
Note. — The  discharge  was  zero  during  the  months  of  July.  Augu.st,  and  part  of  September,  1900. 

The  greatest  rate  of  flow  during  this  period  was  in  O-tober,  19()4.  The  mean  rate  for 
October  11  was  33,0(X)  socond-fcct,  or  1.17  sccond-fcct  \)vr  squan*  mile  This  flood  is 
desicrilx»d  in  Water-Supply  Paper  No.  1 17,  pa<;cs  143  to  15(). 

Second  in  size  to  this  wa.s  the  flood  of  May,  1005.  described  on  pages  34  to  38  of  this 
papier.     The  maximum  rate  of  flow  was  1.04  st*eond-feet  jht  square  mile. 
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WESTERN  STREAMS. 

Tho  maximum  rate  of  discharge  of  some  of  the  important  streams  in  the  arid  region  is 
given  in  the  following  table: 

Maximum  rate  offiow  of  certain  western  streams ,  hy  years,  1886-1905. 

[Drainage  areas  above  gaging  stations,  In  square  miles:  Colorado,  37,000;  Loup,  13,540;  Platte,  56,870; 

Arkansas,  4,600.] 


Year. 

Colorado  River  at 
Austin,  Tex. 

Loup  River  at  Colum- 
bus, Nebr. 

riatte  River  at  Co- 
lumbus, Nebr. 

Arkansas  River  at 
Pueblo,  Colo. 

Date. 

Dis- 
charge. 

Sec-feet. 

Date. 

Dis- 
charge. 

D--     |ch^.'^. 

Month. 

Dis- 
charge. 

1886... 

Sec-feet.                       Sec-feet. 

May 

July 

Sec-feet. 
7,660 

1887 . . . 

:..:..! 

1 
1 

1888... 

1 

!               i                 1 

June  .           j       02,760 

1889 1 

1 !_._ i 

August...               69  fiM 

1890... 

■  1      i        1      '       1 

May 

June 

63,270 
^4,230 
6  4,750 
64,750 

1891... 

1      1 

1         . 

1892... 

1                    : 

!                    1 

June 

June 

Tnnn 

1893... 

! 

1 

!                  i 

1894... 

1 

1 

1895... 

1 

June  3 

9,100     Juno  1 27.200     Jiilv 

5,000 
3,440 
3,750 
5,390 
4,890 
6,980 
ll.OGO 
8,320 
6,100 
3.310 
6,460 

1896... 
1897... 
1808... 

October 

'January  2... 

June  16 

Junes 

April  7 

July  13 

July  28 

February  27 

Junes 

April 

14,100 
11,000 
29,000 
103,400 
123.000 
40,900 
31,250 
32.600 
40,140 
51.190 

June  6 

July 

June... 

July... 

June 

June 

July 

August 

June 

July 

« 70. 000 

27,000 

6,670 

6,980 

14.300 

5,900 

10,900 

20,000 

20.000 

25,800 

June  10....'      14,900 

June j      31,000 

June 1      24,000 

May 1      25,770 

May !      35,400 

April 28.400 

May 13,800 

May 21,600 

Juno 18,190 

June '      51,100 

August 

June 

July 

1899... 
1900... 
1901  .. . 
1902... 
1903... 
1904... 
1905... 

June 

June 

May 

August 

June 

June 

June 

a  Mean  rate  from  7  p.  in.  June  6  to  2  a.  m,  June  7. 
6  At  Canyon,  Colo. 
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Maximum  rale  of  fiaw  of  certain  western  streamSj  by  yearSy  1886-1905 — continued. 

[Drainage  areas  above  gaging  stations,  in  square  miles:  Bear,  6,000;  lluniboidt,  10,780;  Boise,  2,450; 

Weiser,  894.] 


Year. 


Bear  River  at  Col- 
linston,  Utah. 


Humboldt  River  at 
Golconda,  Nev. 


I 


Boise  River  at 
Boise.  Idaho. 


Month. 


UDO. 

m. 
m. 
m.. 

UM.. 

ins.. 

UK.. 
UB7.. 

ins.. 
vm. 
mo.. 

NDl. 
1902.. 
.1903.. 
1904.. 
1905.. 


:  May.. 
.1  May.. 
;  May.. 
'  May.. 
;  May.. 
I  May.. 
,  May.. 

May.. 

June. 

June. 
!  May.. 

May.. 
!  June. 
i  May. 
!  May.. 
IMay. 


Dis- 
charge. ! 

Sec-feet. 
8,220  I 
5,000  I 
6,260  I 
6.470  I 
7,900 
5.000 
5.650 
10,590 
5.320 
6,040 
4,650 
4.95U 
3.340 
3.350 
6,700 
2,760 


Month. 


Dis- 
!  charge. 

I  Sec. -feet. 


Month. 


Dis- 
'  charge. 

I  Sec-feet. 


Weiser  River  at  Weis- 
er. Idaho. 


Month. 


•I- 


June... 
May... 
March. 
May... 
June... 
March. 
June... 
June... 
April  .. 
May    . 


1.014 
3,10U 

485 
2,230 

404 
3.060 

523 

740 
l.OUU 

356 


I        7,100 
40.130 


May. 

June 

April 28.570 

May I       8,250 

May 19,050 


May.. 
May.. 
May.. 
June.. 
April. 
June.. 


11,960 
12,670 

8,190 
16,750 
19,080 

6,260 


March 

May 

.\pril 

April 

March 

March 

February. 
February. 

March 

March.... 


Dis- 
charge. 


Sec-feet. 


6,130 
17,040 
17,180 
3,880 
6.580 
8,120 
7,140 
7,340 
10,410 
11.630 


(Drainage  areas  al)Ove  gaging  stations,  in  square  mites:  Tuolumne,  15  000.  Kern,  2  345;  Kings.  1,742.) 


Tuolumne  River  at  Lagrange 
Cat. 


Kern  River  at  Rio  Bravo 
ranch,  Cal. 


Kmgs  River  at  Sanger,  Cai. 


Y«r., 

i           Month. 

Dis- 
charge. 

Sec-feet. 

Month. 

Di.H- 

charge 

Month 

Dis- 
charge. 

"~  i 

w»..i 

Sec  'feet 

Sec-feet. 

lao.  J 

I 

18B1 

:::::"::]:::.::;:;;::;;:::: 

1»2 

I 

18W 

l»4..i • 

May 

2.210 
5.:)8u 

l»5..l 1 

May       

1«6..'  MarcD   

11,800 

June    

;iOIO 
5.34U 
1,34U 

May 

May     .   

22.100 

l»7..l  May 

14.70(» 

7,801) 

May         

22.730 

1898..'  April 

.\pTll          

Marcn          

May 

Ni  a  V           .... 

A  mil        

7  820 

189&  .'  March 

J90D..    November 

1901  .    FeDruary 

21,8(li» 
14,440 
19. 240 
\2  0'«> 
20  '6i*.f 
17.85U 
13  070 

4.950  \  March    

1.970  1  November . 

4  420     Januaiv 

20,200 
15  700 
4i,930 

1«2  .    April.     .   

1903. .i  ApiU      

.\pni                .                   .1  /twi 

April     

26,380 

May           

J  une 

June 

3,371 
3  170 
3,03^ 

May 

17.200 

1901,.,  May 

May  

15,700 

1905    ,  Match 

June      

9,795 
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FLOOD-FLOW   CHARACTERISTICS. 

The  flood-flow  data  on  pages  56  to  85  are  summarized  in  the  following  table,  vbkh 
gives  the  drainage  area  in  square  miles  of  each  river  basin  above  the  place  of  mea«5urement; 
the  length  of  record,  or  number  of  years  that  flood  observations  have  l)een  made;  the 
largest  daily  rate  of  flow  during  the  period  of  observation ;  the  largest  range  of  stage  during 
that  period,  and   the  number  of  times  that  floods  of  a  given  magnitude  compared  with 
the  largest  flood  have  occurred  in  the  period.    This  comparison  of  magnitude  is  by  rate  o( 
flow,  not  by  stage,  except  in  a  few^  cases.     The  rat<5  of  flow  per  foot  increase  of  stagp  is  I 
much  great<»r  for  the  higher  stages  than  the  lower  ones,  so  that  the  frequency  of  the  stage  j 
of  from,  sa\',  0.8  to  0.9  of  the  maximum  stage  is  much  greater  than  the  frequency  of  the  j 
rate  of  flow  of  from  0.8  to  0.9  of  the  maximum  rate  of  flow.  ] 

An  examination  of  this  table  will  show  that  the  streams  in  certain  sections  have  d^it«  ] 
flood-flow  characteristics.    Streams  Nos.  1  to  6  form  a  northern  group.     The  larger  floods  i 
on  these  streams  all  occur  in  the  spring.    They  are  due  to  the  rapid  melting  of  snow  and 
are  intensified  at  times  by  the  formation  of  ice  gorges.    The  depth  of  snow  on  the  grouwi  j 
in  the  earl}'  spring  and  the  rate  at  which  it  melts  are  the  controlling  flood  factors  on  these 
streams.     Floods  due  to  rain  alone  are  of  about  half  the  magnitude  of  the  spring  floods 
and  of  much  short<»r  duration.     The  maximum  rate  of  run-off  of  these  streams  is  small  (15 
to  25  second-feet  per  square  mile)  compared  with  streams  elsewhere  of  the  same  siie  of 
basin  and  depth  of  annual  precipitation.     Floods  of  the  flrst  or  second  magnitude  (from 
0.8  to  1  of  the  magnitude  of  the  greatest  recorded  flood)  may  be  expected  to  occur,  on  an 
average,  once  in  twelve  to  fifteen  years. 

Streams  Nas.  7  to  11  form  a  second  group.  The  rate  of  flood  flow  is  larger  than  that  of 
the  streams  in  group  1.  Some  of  the  large  floods  in  the  spring  are  duo  to  melting  snow 
and  some  are  due  entirely  to  rain.  The  summer  floods  are  not  so  long  in  duration  as  the 
spring  floods.  Large  floods  in  streams  of  this  group  arc  not  so  frequent  as  in  thoee  of 
group  1.    They  occur  about  once  in  twenty  to  forty  years. 

The  length  of  record  of  the  four  southeastern  streams  (Xos.  12-15)  is  too  short,  except 
that  of  the  Savannah,  to  include  the  largest  flood.  The  range  of  stage  is  large.  The 
fre(|uency  of  occurrence  and  duration  of  fl(K)ds  are  also  large,  because  of  sluggish  flow.  The 
largest  flood  occurred  in  the  fall,  and  had  a  rate  of  flow  somewhat  less  than  the  large®^ 
rate  of  flow  in  group  2. 

The  largest  floods  in  the  upper  Ohio  basin  occur  in  the  spring.  Two  exceptions  are  tH 
flood  of  July,  1888,  on  the  Monongahcla,  and  that  of  August,  1888,  on  the  Youghioghet»2 
They  resemble  somewhat  those  on  streams  of  groups  1  and  2,  but  are  more  like  the  latt^ 
than  the  former. 

The  Illinois  and  up|>er  Ohio  rivers  have  a  remarkably  small  rat<^  of  flood  flow — less  th« 
3i  second-feet  per  scjuare  mile.  The  large  floods  occur  in  the  spring.  The  largest  floo 
on  Grand  River,  Michigan,^  in  probably  a  century  had  a  maximum  daily  rate  of  alnuit  . 
second-feet  per  square  mile  of  drainage  area. 

Streams  23-28  are  in  the  arid  and  semiarid  regions,  and  their  rate  of  flood  flow  is  ver 
small.  Very  large  floods  occur  rarely  on  those  streams,  and  are  due  to  heavy  rain.  Ordi 
nary  fl(X)ds  generally  occur  in  the  spring,  and  are  due  to  melting  snow.  An  exception  I 
this  rule  is  shown  by  Kansas  River.  The  two  great  floods  on  Kansas  River  were  abou 
sixty  years  apart. 

Other  less  important  facts  can  \>o  seen  from  a  study  of  the  data. 

a  Watcr-Sup.  and  Irr.  Paper  No.  147,  p.  40. 
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INDEX  TO  FLOOD  LITERATURE. 

The  following  index  to  flood  literature  in  the  United  States  has  been  compiled  from  the 
indexes  of  the  principal  publications  that  treat  of  the  subject.  The  floods  have  been 
indexed  by  streams  and  by  the  principal  places  affected  by  the  flood.  Throughout  the 
index  an  attempt  has  been  made  to  distinguish  between  the  descriptions  of  flood  and  the 
flood  discharges.  The  index  is  not  exhaustive,  but  comprises,  it  is  believed,  all  important 
articles: 

Adams,  N.  Y.,  discharge  of  Sandy  Creek  at,  1897  and  1898 Hydrology  State  of  New 

York,  1905,  p.  461 

Ager's  mill,  N.  Y.,  discharge  of  Moose  River  at,  April,  1869 Hydrology  State  of  New 

York,  1905,  p.  466 

Albany,  N.  Y.,  flood  damages  at Eng.  News,  vol.  43,  1900,  p.  132 

freshets  and  ice  gorges  at Hydrology  State  of  New  York,  1905,  p.  469 

Allegan,  Mich.,  discharge  of  Kalamazoo  River  at,  March,  1903 Water-Supply  Paper  No. 

83,  U.  S.  Geol.  Survey,  1903,  pp.  268,  269 

Allegheny  River,  N.  Y.,  floods  on,  at  Red  House,  1832  and  1865 Water-Supply  Paper 

No.  36,  U.  S.  Geol.  Survey,  1900,  p.  158 
Arizona  dam,  discharge  of  Salt  River  at,  February,  1890,  and  February,  1901 . .  .12th  Ann. 

Rept.  U.  S.  Geol.  Survey,  pt.  2,  pp.  312-313 

Arkansas  City,  Ark.,  flood  at,  June,  1904 Water-Supply  Paper  No.  147,  U.  S.  Geol. 

Sur\'ey,  1905,p.  110 
ArkansasRiver,dischargeof,at  La  Junta,  Colo.,  May,  1894.  ..Bulletin  No.  131,  U.  S.  Geol. 

Survey,  pp.  37,  38 

discharge  of,  at  Syracuse,  Kans.,  0<'tober,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  169 

flood  on,  June,  1904 Water-Supply  Paper  No.  147,  U.  S.  Geol.  Surxey,  1905,  p.  109 

September,  1904 Water-Supply  Paper  No.  147,  U.  S.  Geol.  Sur\'cy,  1905,  p.  165 

great  floods  on.  .Rept.  on  Physics  and  Hydraulics  of  Mississippi  River,  by 

Humphreys  and  Abbott,  p.  46 

Augusta,  Ga.,  discharge  of  Savannah  River  at,  1884  and  1891 14th  Ann.  Rept. 

U.  S.  Geol.  Survey,  pt.  2,  p.  149 

levees  proposed  for  protection  of Rept.  Chief  Eng.  U.  S.  A.,  1900,  pp.  1496-1498 

Austin,  Tex.,  discharge  of  Colorado  River  at,  1889 Water-Supply  Paper  No.  40, 

U.  S.  Geol.  Survey,  1900,  p.  31 

Baldwinsville,  N.  Y.,  discharge  of  Seneca  River  at,  July,  1902 .Hydrology  State  of 

New  York,  1905,  p.  458 

Beaver  River,  N.  Y.,  discharge  of,  at  Beaver  Falls,  1869 Hydrology  State  of 

New  York,  1905,  p.  466 

Belle  Fourche  River,  S.  Dak.,  discharge  and  flood  on,  at  Belle  Fourche Water-Supply 

Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  pp.  55,  57 

Big  Sandy  Creek,  Ariz.,  discharge  of,  August,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  pp.  115-118 

Binghamton,  N.  Y.,  discharge  of  Susquehanna  River  at,  1865  and  1902.*. Hydrology 

State  of  New  York,  1905,  p.  486;  Water-Supply  Paper  No.  82,  U.  S.  Geol. 

Survey,  1903,  pp.  147-150 

discharge  of  Chenango  River  at,  1902 Hydrologv*  State  of  New  York,  1905,  p.  487 

Black  River,  N.  Y.,  discharge  of,  near  Carthage,  April,  1869 Hydrology  State  of 

New  York,  1905,  p.  465 
discharge  of,  near  Carthago,  Forestville,  Lyons  Falls,  Ontario  Paper  Mills,  and  Water- 
town,  April,  1869 .Water-Supply  Paper  No.  65,  U.  S  Geol. 

Survey,  1902,  p  105 

Blue  River,  Kans.,  flood  on,  at  Manhattan,  May  and  June,  1903 Water-Supply  Paper 

No.  96,  U.  S.  Geol.  Survey,  1904,  p.  36 

flood  on,  at  Manhattan,  June,  1904 Water-Supply  Paper  No.  147,  U.  S.  Geol. 

Survey,  1905,  p.  74 
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BooDion,  N.  J.,  discharge  of  Rockaway  River  at,  March,  1902 Water-Suppiy  Paper 

No.  88,  U.  S.  Geo!.  Survey,  1903,  p.  37 

Budlong  Creek,  N.  Y.,  discharge  of,  near  Utica,  March,  1904 .  .Rept.  State  Eng.  New 

York,  1904,  p.  588 
Oache  Creek,  Cal.,  dischai^  of,  at  Yoia,  February  and  Marcii,  1904.  .Water-Supply  Paper 

No.  147,  U.  S.  Geol.  Survey,  1905,  p.  16 

Cbcfae  La  Poudre  River,  Colo.,  flood  on.  May,  1904 Water-Supply  Paper  No.  147. 

U.  S.  Geol.  Survey,  1905,  p.  154 

Canadian  River,  dischai^ge  of,  and  flood  on,  October,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  pp.  120, 124 
Carlsl>ad,  N.  Mex.,  flood  at,  September  and  October,  1904. .  .Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  133 

Carthage,  N.  Y.,  discharge  of  Black  River  at,  April,  1869 Water-Supply  Paper  No.  65, 

U.  S.  Geol.  Survey,  1902,  p.  105;  Hydrology 
State  of  New  York,  1905,  p.  465 

Criers  Mill,  N.  Y.,  discharge  of  Otter  Crook  at,  April,  1869 Hydrology  State  of  New 

York,  1905,  p.  466 

Catskill  Creek,  N.  Y.,  discharge  of,  at  Woodstock's  dam,  1901 Hydrology  State  of 

New  York,  1905,  p.  474 

Cayuta  Creek,  N.  Y.,  discharge  of,  at  Waverly,  1904 Rept.  State  Eng.  New  York, 

1904,  p.  647 

Chanute,  Kans.,  flood  at,  1904 Wat^r-Supply  Paper  No,  147,  U.  S.  Geol.  Survey, 

1905,  p.  91 
Chatham,  N.  J.,  discharge  of  Passaic  River  at,  March,  1902.  .Water-Supply  Paper  No.  88, 

U.  S.  Geol.  Survey,  1903,  p.  37 

Chemung  River,  N.  Y.,  protection  from  floods  of,  at  Corning Eng.  News,  vol.  38 

1897,  p.  146 

Chenango  River,  N.  Y.,  discharge  of,  at  Binghamton,  1902 Hydrology  State  of 

Now  York,  1905,  p.  487 

C(»lcman,  N.  Y.,  disc^harge  of  Oriskany  Crock  at ,  spring  of  1888 Hydrology  State  of 

Now  York,  1905,  p.  4^5 

Colorado  River,  hi.storic  floods  on Watcr-Supply  Paper  No.  40,  U.  S.  Geol.  Survey, 

1900,  p.  33 

Colorado  River,  Tex.,  discharge  and  flood  of,  at  Austin,  1899 Water-Supply  Paper 

No.  40,  U.  S.  Geol.  Survey,  1900,  pp.  30,  31 
Columbus,  Nebr.,  discharge  of  Loup  River  a(,  Juno,  1896 .  . .  .18th  Ann.  Rept.  U.  S,  Geol. 

Survey,  pt.  4,  p.  184 

Columbus,  Ohio,  discharge  of  Scioto  River  at,  1898 20th  Ann.  Rept.  U.  S.  Geol. 

Survey,  pt.  4,  p.  214 
Colusa,  Cal.,  discharge  of  Sacramento  River  at,  March,  1879,  and  January,  1904. .  .  .Rept. 

Commissioners  Public  Works  California,  1895,  pp.  52-58 

Conemaugh  River,  flood  of,  at  Johnstown,  Pa.,  1889 Eng.  News.  vol.  21,  1889,  pp.  517, 

540,  569,  578.  vol.  22,  1881J,  p  153.  Kno   Rec  ,  vol.  19,  1889,  pp.  15,  16,  25,  31, 32 

flood  of  July,  1904 Watei-bupply  Papei  No   147,  U.  b  Geol.  Survey    1905,  p.  \16 

obstruction  of Eng  News,  vol.  25,  1891,  p.  614 

Connecticut  River,  discharge  of,  at  Hartlord,  Conn Rept.  Chief  Eng., 

US.  A  .  1887.  pp  357,358 

floods  on Rept  Chief  Eng.,  U.  S.  A.,  1868.  p.  761 ; 

1875,  p  364,  1878,  p.  265,  1880.  p.  403 
Copper  Hill  Wash,  di.schargc  of,  at  Glol)c,  Ariz.,  August,  1904. . . Water-Suppiy  Paper  No. 

147,  U.  S.  Geol.  Survey,  1905,  p.  119 

Corning,  N.  Y .,  flood  protection  lor Eng.  News,  vol.  38,  1897,  p.  146 

Crandalls  Mill,  N.  Y.,  discharge  of  independence  Creek  at,  April,  1869 Hydrology 

Stat^j  of  New  York,  1905,  p.  466 
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Croton  River,  discharge  of,  at  Croton  dam,  1841,  1853,  1854 Hydrology 

State  of  New  York,  1905,  p.  473 

Crow  Creek,  Wyo.,  flood  on.  May,  1904 Water-Supply  Paper  No.  14, 

U.  S.  Geol.  Survey,  1905,  p.  156 

Culverts,  discharge  of  small  streams  and  capacities  of Eng.  News,  vol.  41,  1899,  p.  61 

Davis  Crevasse  Levee  on  Mississippi  River.  .Trans.  Am.  Soc.  Civil  Eng.,  vol.  17, 1887,  p. 199 

Deer  River,  N.  Y.,  discharge  of,  at  Deer  River,  April,  1869 Hydrology 

State  of  New  York,  1905,  p.  466 

Discharge  during  floods  in  New  York  State H.  Doc.  149, 

56th  Congress,  2d  session,  pp.  790-816 

from  small  watersheds Technology  Quarterly,  vol.  4,  1891,  pp.  316-327 

maximum  rate  of Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  184 

minimum  rate  of Rept.  on  Bai^  Canal,  1901 ,  pp.  851-864 

of  small  streams  and  capacities  of  culverts Eng.  News,  vol.  41, 1899,  p.  61 

of  streams  during  floods -Eng.  Rec,  vol.  39,  1899,  p.  163 

Dolgeville,  N.  Y.,  discharge  of  East  Canada  Creek  at,  August,  1898 Hydrology  State  of 

New  York,  1905,  p.  484 

Dundee  dam,  N.  J.,  discharge  of  Passaic  River  at,  1902,  1903. .  .Water-Supply  Paper  No. 

88,  U.  S.  Geol.  Survey,  1903,  p.  43;  No.  92,  1904,  pp.  21,  22 

Dunsbach  Ferry,  N.  Y.,  discharge  of  Mohawk  River  at,  1898, 1900, 1901.  .Hydrology  SUte 

of  New  York,  1905,  p.  475 

flood  at,  June,  1904 Watei-Supply  Paper  No.  65,  U.  S.  Geol.  Survey,  1902,  p.  181 

East  Canada  Creek,  N.  Y.,  discharge  of,  near  Dolgeville,  August,  1898,  April,  1900, 

April  and  December,  1901 .  .Water-Supply  Paper  No.  65,  U.  S.  Geol. 
Survey,  1902,  p.  160;  Hydrology  State  of  New  York,  1905,  p.  484 

East  St.  Louis,  111.,  flood  protection  works  at Eng.  News,  vol.  51,  1904,  p.  1 18 

proposed  levees  and  relief  canal  at Eng.  News,  vol.  49,  1903,  pp.  118,  179 

El  Paso,  Tex.,  discharge  of  Rio  Grande  at,  1904 Wat«r-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  145 

Elmira,  N.  Y.,  protection  against  floods  at Report  of  Mayor  of  Elmira,  Feb.  12,  1890 

Ellsworth,  Kans.,  discharge  of  Smoky  Hill  River  at,  May  and  Juno,  1903..  .Water-Supply 

Paper  No.  96,  U.  S.  Gool.  Survey,  1904,  p.  35 

flood  at,  June,  1904 Water-Supply  Paper  No.  147,  U.  S.  Geol.  Sur\'ey,  1905,  p.  76 

Emporia,  Kans,,  flood  near,  Juno,  1904 Wator-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  90 

Enoree  River,  S.  C,  flood  on,  June,  1903 Water-Supply  Paper  No.  96, 

U.  S.  Geol.  Sur\'ey,  1904,  p.  13 

Esopus  Creek,  N.  Y.,  dischai^e  of,  at  Rosendale,  March,  1902 Hydrology  State  of  Now 

York,  1905,  p.  474 

Fall  River,  Kans.,  flood  on,  at  Fall  River,  June,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  104 
Feather  River,  Cal.,  discharge  of,  at  Oroville,  February  and  March,  1904  . .  .Water-Supply 

Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  16 
Fish  Creek,  N.  Y.,  discharge  near  Camden,  1889,  Taberg  Station,  1898,  and  West 

Camden,  1884 Water-Supply  Paper  No.  6.5, 

U.  S.  Gool.  Survey,  1902,  p.  108 

Fish  Creek  (Ea.st  Branch),  N.  Y.,  discharge  of,  at  Point  Rock,  1889 Water-Supply 

Paper  No.  65,  U.  S.  Geol.  Survey,  1902,  p.  108;  Hydrology  State  of  New 

York,1905,  p.  460 

Fish  Creek  (West  Branch),  N.  Y.,  discbargo  of,  at  McConnollsvillo,  1884 Water-Supply 

Paper  No.  65,  U.  S.  Gool.  Survey,  1902,  p.  108; 
Hydrology  State   of   New  York,  1905,  p.  450 
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floods,  causes  of Proc.  Inst.  Civil  Eng.,  vol.  45,  p.  63 

causes  and  seasons  of,  on  western  rivers Eng.  Mag.,  vol.  8,  1897,  p.  1038 

discussion  of  flood  problems  and Monthly  Weather  Review,  September,  1809 

Government  engineers  responsibility  for Eng.  News,  vol.  49,  1903,  p.  566 

increasing  frequency  of Rept.  Chief  Eng.,  U.  S.  A.,  1875,  vol.  2,  p.  510 

produced  by  backwater  from  dams . .  .Trans.  Am.  Soc.  Civil  Eng.,  vol.  2,  1873,  p.  255 
Hood  discharge,  determination  of,  and  backwater  caused  by  stream  contraction  . .  .Trans. 

Am.  Soc.  Civil  Eng.,  vol.  11,  1882,  p.  211 

and  maximum  rate  of  flow  of  streams Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  184 

and  minimum  rate  of  flow  of  streams Rept.  on  Bai^  Canal,  1901,  pp.  851-964 

of  streams  in  New  York  State H.  Doc.  149,  56th  Congress,  2d  session, 

pp.  710-816;  Eng.  Rec,  vol.  39,  1899,  p.  163 
Tood  prevention,  forest  preservation  and.  .Eng.  News.  vol.  29, 1903,  pp.  324, 369, 478,  566 

general  discussions  of Eng.  Mag.,  vol.  32,  p.  13; 

vol.  r,Q,  pp.  a51,  388;  Van  Nostrand's  Eng.  Mag.,  vol.  9,  1873, 

p.  65;  vol.  24,  1881,  p.  131 ;  vol.  28,  1883,  p.  108;  vol.  34, 1886, 

p.  131;  Proc.  Inst.  Civil  Eng.,  vol.  69,  p.  323;  vol.  76  p.  395 

reservoirs  and. . Proc.  Inst.  Civil  Eng.,  vol.  101 ,  p.  408:  Eng.  News,  vol.  25, 1891 ,  p.  258 

works  designed  for Proc.  Inst.  Civil  Eng.,  vol.  67,  p.  309 

Hood  waters,  disposal  of Proc.  Inst.  Civil  Eng.,  vol.  60,  p.  130 

Flood  waves,  movement  of Rept.  Commissioner  Public  Works,  California,  1895,  p.  130 

Forestville,  N.  Y.,  discharge  of  Black  River  at,  April,  1869.  .Water-Supply  Paper  No.  65, 

U.  S.  Geol.  SurN-ey,  1902,  p.  105 

Fort  Gibson,  Ind.  T.,  flood  near,  June.  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  91 
Fort  Hunter,  N.  Y.,  discharge  of  Schoharie  Creek  at,  1892  and  KOI.  .Hydrology  State  of 

New  York,  1C05,  p.  483 

Fiench,  N.  Mex.,  discharge  of  Canadian  River  at,  1904 Water-Supply  Paper  No.  147, 

i:.  S.  Geol.  Survey,  1905,  p.  124 
Fulton,  N.  Y.,  discharge  of  Oswego  River  at.  .Hydrology  State  of  New  York,  1C05,  p.  458 
Oillmas  River,  N.  Y.,  discharge  and   flood   on,  at  Hot  Springs,  September  and 

October,  ir04 Water-Supply  Paper  No.  147,  U.  S.  Geol. 

Survey,  1905,  p.  138 

Gilveston,  Tex.,  flood  at,  September  S,  KOO Eng.  News,  vol.  44,  ILOO, 

pp.  173,  180,  196,  205 

protection  of,  plans  for Eng.  News,  vol.  47,  1902,  pp.  77,  343 

Geuesee  River,  N.  Y.,  discharge  of,  at  Mount  Morris,  1890,  1893,  and  1894 Rept. 

Special  Commission  on  Flood  Conditions  of  Genesee  River,  1905,  p.  45 

discharge  of,  at  Mount  Morris,  May,  1894 Hydrology  State  of  New  York, 

1905,  p  445;  Rept.  Special  Commission  on  Flood 
Conditions  of  Genesee    River,    1C05,  pp.   4-44 

at  Mount  Morris,  July,  1902 Hydrology  State  of  New  York,  1905,  p.  449 

at  Portage,  July,  1^02 Rept.  Special  Comnjission  on 

Flood  Conditions  of  Genesee  River,  1905,  p.  45 

at  Rochester,  March,  1865,  and  June,  1889 Water-Supply  Paper  No.  65, 

U.  S.  Geol.  Survey,  1902,  p.  141;  No.  97,  1904,  pp.  400-403 

in  1857,  1865,  1867,  1873,  1875.  1879,  1889,  1896,  1902 Rept.  Special 

Conunission  on  Flood  Conditions  of  Genesee  River,  1905,  p.  45 

in  1904 Rept .  State  Eng.  New  York,  1904,  p.  517 

flood  conditions  on,  at  Rochester Rept.  Special  Commission  on 

Flood  Conditions  of  Genesee  River,  1905 
JRK  162—06 7 
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Genesee  River,  N.  Y.,  floods  on,  in  1865, 1869,  and  March  and  July,  1902. .  .Hydrology  State 

of  New  York,  1905 
floods  on,  in  1833,  1857.  1865,  1867,  1875,  1889,  1890,  1893,  1894,  1896,  March 

and  July,  1902  and  1904 Rept.  Special  Commission  on 

Flood  Conditions  of  Genesee  River,  1905,  pp.  4-44 

Glolie,  Ariz.,  discharge  and  flood  at,  August,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  pp.  118,  119 
Grand  River,  Mich.,  discharge  of  and  flood  on,  at  Grand  Rapids,  March  and  April, 

1904 Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  pp.  40-43 

Groveville  dam,  discharge  of   Fishkill  Creek  at,  in  1882,  1888,  1891,  1893,  1896, 

1902 Hydrolog}'  State  of  New  York,  1905,  p.  473 

Harrisburg,  Pa.,  greatest  yearly  discharge  of  Susquehanna  River  at.  .Wat^r-Supply  Paper 

No.  109,  U.  S.  Geol.  Survey,  1905,  p.  178 

Hartford,  Conn.,  discharge  of  Connecticut  River  at Rept.  Chief  Eng.  L'.  S.  A., 

1887,  pp.  357,  385 
Heppner,  Greg.,  discharge  of  Willow  Creek  at,  June  14,  1903.  .Water-Supply  Paper  No. 

96,  U.  S.  Geol.  Survey,  1904,  p.  11 

flood  at,  June  14,  1903 Water-Supply  Paper  No.  96, 

U.  S.  Geol.  Survey,  1904,  p.  9:  Eng.  News,  vol.  50,  1903,  p.  53 
Hill  Tannery,  N.  Y.,  discharge*  of  Woodhill  Creek  at,  April,  1869.  .Hydrologj-  State  of 

New  York,  1905,  p.  466 
Hondo  River,  dischai^  of  and  flood  on,  at  Roswell,  N.  Mex.,  September  and  October, 

1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  pp.  138-140 
Hot  Springs,  N.  Mex.,  dischai^  of  Gallinas  River  at,  1904.  .Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  138 

Hudson  River,  N.  Y.,  discharge  of,  at  Mechanicsville Hydrology  State  of  New  York, 

1905,  p.  467 

flood  damages  on,  at  Albany Eng.  News,  vol.  43,  1900,  p.  132 

freshets  and  ice  gorges  on Hydrolog\'  State  of  New  York,  1905,  p.  469 

Humboldt,  Kans.,  flood  at,  June,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  87 
Ice  jams,  allowance  for,  in  estimating  height  of  streams.  -Eng.  News,  vol.  51,  1904,  p.  400 
Independence  Creek,  N.  Y.,  discharge  of,  at  Crandalls  Mill,  April,  1869.  .Hydrology  State 

of  New  York,  1905,  p.  466 

Independence,  Kans.,  flood  at,  June,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  101 
lola,  Kans.,  flood  of  1904  at.  .Water-Supply  Paper  No.  147,  U.  S.  Geol  Survey,  1905,  p.  So 
Iron  Canyon,  Cal.,  discharge  of  Sacramento  River  in,  February  and  March,  1904.  .Water- 
Supply  Paper  No.  147,  U.  S.  Geol  Survey,  1905,  p.  16 

Johnstown,  Pa.,  flood  of  1889  at Eng.  News,  vol.  21,  1889,  pp  517,  .540,  569,  578. 

vol.  22,  p.  153;  Eng.  Rec  ,  vol.  19,  1H89,  pp   15,  16,  25,  31,  32 
flood  of  July,  1904,  at.  .Water-Supply  Paper  No.  147,  U   b.  Geol  Survey.  1905,  p   113 

obstruction  of  .stream  at Eng.  News,  vol.  25,  1891,  p.  614 

Junction,  Kan.N.,  discharge  of  Republican  Rn^r  at.  May  and  June,  1903 V\a:er-bupply 

Paper  No.  96,  U.  S  Geol   Survey,  1904,  p  35 

flood  of  1904  at Water-Supply  Paper  No.  147;  L  .  S  Geol  Survey,  1905,  p  73 

Kalamaz(K)  River,  Mich.,  discharge  of,  at  Allegan,  March,  1903 Water-Supply  Paper 

No.  83,  U.  S  Geol.  Survey,  1903,  pp  268,  269 

Kanawha  River,  great  floods  of , Rept   Chief  Eng  I'.S  .\.,  1»76,  vol.  2,  p.  163 

Kansa.'i  City.  Mo.,  engineering  aspects  of  floods  at Eng.  Rec  ,  vol.  48,  1903,  p  300 

floo<l  of  1904  at Waler-Supply  Paper  No   147.  I'.  S  Geol.  Survey,  1905,  p  61 

Kansas  River,  at  Kansas  City,  engineering  aspects  of  floods  on Eng  Re\. 

vol.  48,  1903.  p.  300 
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EUnsas  River,  at  Kansas  City,  Mo.,  flood  on,  in  May  and  June,  1903 Water-Supply 

Paper  No.  96,  U.  S.  Geol.  Survey,  1902,  p.  28 
flood  on,  in  1904. .  .Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  61 

at  Lawrence,  Kans.,  discharge  of,  June,  1903 Water-Supply  Paper  No.  96, 

U.  S.  Geol.  Survey,  1904,  p.  22:  No.'l47,  1905,  p.  67 

flood  on,  in  May  and  June,  1903 Water-Supply  Paper  No.  96, 

U.  S.  Geol.  Survey,  1904,  p.  28 

in  1904 Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  66 

at  Lecompton,  Kans.,  discharge  of,  June,  1903 Water-Supply  Paper  No.  96, 

U.  S.  Geol.  Survey,  1904,  p.  36 

discharge  of,  June  and  July.  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  67 

flood  on,  1904 Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  66 

at  Topeka,  Kans.,  flood  on,  in  May  and  June,  1903 Water-Supply  Paper  No.  96, 

U.  S.  Geol.  Survey,  1904,  p.  28 
flood  on,  in  1904. . .  Wa'.er-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  61 

obstruction  of  channel  of,  11^04 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  71 

changes  in  channel  of,  caused  by  flood  of  1903 Scientific  American  Supplement, 

Feb.  13,  1904 

prevention  of  damage  from  floods  on Water-Supply  Paper  No.  96, 

U.  S.  Geol.  Survey,  1904,  p.  70 

La  Junta,  Colo.,  discharge  of  Arkansas  River  at,  May,  1894 Bulletin  No.  131, 

U.  S.  Geol.  Survey,  pp.  37,  38 

La  Plata  River,  Colo.,  flood  on,  October,  1905 Water-Supply  Paper  No.  147, 

U.  S.  Geol  Survey,  1905,  p.  169 

Las  Moras  Creek,  Tex.,  discharge  of.  in  1898  and  1900 Water-Supply  iPaper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  145 
Laogtry,  Tex.,  discharge  of  Rio  Grande  at,  October,  1904. .  .Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905.  p.  145 
Uwrence,  Kans.,  Kansas  River  at,  discharge  of,  June,  1903.  .Water-Supply  Paper  No.  96, 

U.  S.  Geol.  Survey,  1904,  p.  22.  No.  147, 1905,  p.  67 

Kansas  River  at,  flood  on,  in  May  and  June,  1903 Water-Supply  Paper  No.  96, 

U.  S.  Geol  Survey,  1904,  p.  28 

flood  on,  in  1904. .  .Water-Supply  Paper  No.  147,  U.  S  Geol.  Survey,  1905,  p.  66 

Worapton,  Kans.,  Kansas  River  at,  discharge  of.  June,  1903.  ...Water-Supply  Paper  No. 

96,  V  S  Geol  Survey,  1G04,  p.  36 

Kansas  River  at,  discharge  of,  June  and  July,  1904 Water-Supply  Paper  No.  147, 

V    S  Geol  Survey,  1S05,  p.  27 

flood  on,  1904 Water-Supply  Paper  No.  147.  I'.  S  Geol   Survey,  1905,  p.  66 

J*vees,  at  East  St.  Louis,  ill.,  proposed,  and  relief  canal Eng  News,  vol.  49,  1903, 

pp. 118, 179 

on  Mississippi  River,  construction  of Eng.  News,  vol   35,  1896,  pp.  66,  77; 

vol   37,  1897,  p.  249 

cost  of Eng.  News,  vol.  38,  1897,  p.  33 

criticism  by  New  York  Times Kng.  News,  vol.  49, 

1903,  pp  276,  346.  408,  vol.  50,  1903,  p.  151 

discussion  ol Trans.  Am.  Soc  Civil  Eng., 

vol.  3,  1874,  pp.  207,  289;  vol.  17,  1887,  p.  199,  Rep.. 
on  Physics  and  Hydraulics  of  Mississippi  River,  p.  151 

effect  on  stage  and  discharge Annual  Rept. 

Chief  Ena.  r.  .S   A  .  1888,  pt.  4,  p.  2220;  Eng.  News, 
vol    23,  1890,  p.  315,    vol.   50,   1903,   pp.   435,  436 
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Levees,  on  Mississippi  River,  function  of Rept.  Chief.  Eng.  U.  S.  A.,  1883,  p.  2373 

on  Mississippi  River,  theory  of Trans.  Am.  Soc.  Civil  Eng., 

vol.  51,1903,  pp.  331-414 

vindication  of,  by  levee  engineers Eng.  News,  vol.  50,  1903,  pp.  432,  435 

on  Missouri  River,  effect  on  flood  of  1881 Rept.  Mississippi  River  Commission, 

1881,  p.  135 
on  Neosho  River,  Kans.  -Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  92 

reclaiming  lowlands  by  means  of Trans.  Am.  Soc.  Civil  Eng.,  vol.  5,  1876,  p.  115 

theory  of,  tested  by  facts Trans.  Am.  Soc.  Civil  Eng.,  vol.  13, 1884,  p.  331 

Liberty,  Kans.,  Verdigris  River  at,  greatest  annual  discharge  of Water-Supply  Paper 

No.  147,  U.  S.  Geol.  Survey,  1905,  p.lOl 

Little  Falls,  N.  J.,  discharge  of  Passaic  River  at,  October,  1903 Water-Supply  Paper 

No.  92,  U.  S.  Geol.  Survey,  1904,  p.  17 

flood  at,  in  1902 Water-Supply  Paper  No.  88,  U.  S.  Geol.  Survey,  1903,  p.  39 

Little  Falls,  N.  Y.,  discharge  of  Mohawk  River  at,  1899, 1900,  ISOl,  1902 Hydrology 

State  of  New  York,  1905,  p.  476;    Water-Supply 
Paper  No.  65,  U.S.  Geol.  Survey,  1902,  pp.  165-17'7 

discharge  of  Mohawk  River  at,  1904 Water-Supply  Paper  No.  147,  U.  S.  Geol. 

Survey,  1905,  pp.  35,  39;  Rept.  State  Eng.  New  York,  1904,  p.  588 

Logan,  N.  Mex.,  discharge  of  Canadian  River  at,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  124 
Los  Alamos,  N.  Mex.,  di.scharge  of  Sapello  River  at,  October,  1904. .  .Water-Supply  Paper 

No.  147,  U.  S.  Geol.  Survey,  1905,  p.  126 

Loup  River,  discharge  of,  at  Columbus,  Nebr.,  June,  1896 18lh  Ann.  Rept.  U.  S.  Geol. 

Survey,  pt.  4,  p.  184 

flood  on,  June,  1896 18th  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  4,  p.  184 

Lyons  Falls,  N.  Y.,  discharge  of  Black  River  at,  April,  1869. .  .Water-Supply  Paper  No.  65, 

U.  S.  Geol.  Survey,  1902,  p.  105 

McCalls  Ferry,  Pa.,  flood  at,  March,  1904 Water-Supply  Paper  No.  147,  U.  S.  Geol. 

Survey,  1905,  p.  27;  No.  109, 1905,  pp.  178-180 

McConnellsville,  N.  Y.,  discharge  of  West  Branch  Fish  Creek  at,  1884 Hydrology- 

Stat«  of  New  York,  1905,  p.  459;  Water-Supply 
Paper  No.  65,  U.  S.  Geol.  Survey,  1902,  p.  108 

Macopin  dam,.  N.  J.,  discharge  of  Pequanac  River  at,  March,  1902 Water-Supply 

Paper  No.  88,  U.  S.  Geol.  Survey,  1903,  p.  37 
flood  at,  Octolx'r,  1903.  .Water-Supply  Paper  No.  92,  U.  S.  Geol.  Survey,  1904,  p   16 

Manhattan,  Kans.,  discharge  of  Blue  River  at,  May  and  June,  1904 Water-Supply 

Paper  No.  96,  U.  S  Geol.  Survey,  1904,  p.  36 

flood  at,  June,  1904 Water-Supply  Paper  No.  147,  U.  Ii.  Geol.  Survey,  1905,  p.  74 

Mechanicsvillc,  N.  Y.,  discharge  of  Hudson  River  at Hydrology  State  of  New  York, 

1905,  p.  467 

Middle  Loup  River  near  St.  Paul,  Nebr.,  discharge  of,  1866 18th  Ann.  Rept.  U.  S  Geol. 

Survey,  pt.  4,  p.  181 
Mississippi  River,  flood  on,  in  vicinity  of  St.  Louis,  Mo.,  May  and  June,  1903 Water- 
Supply  Paper  No  96,  U.  S.  Geol.  Survey,  1904,  p.  29 

flood  on,  in  1882 Rept.  Chief  Eng.  U.  S.  A.,  1885,  p  2584 

in  1883 Eng   News,  vol.  10.  1883,  pp  294.313 

in  1889  (between  Helena  and  Vicksburg) Trans.  Am.  Soc.  Civil  Eng., 

vol  20,  1889,  p.  ia5 

in  1890 Eng.  News,  vol.  23,  1890,  p.  315 

in  1897 Eng.  .News,  vol.  38,  1897,  pp.  2,  8,  29 

33,  Harpers  Weekly,  Apr.  17,  1897 
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Masippi  River,  floods  on,  discussion  of. .  .Eng.  News,  vol.  31, 1894,  p.  318;  vol.  35, 1896, 
pp.  66, 77;  vol.  37, 1897,  pp.  242, 248, 259, 264, 283, 314;  vol.  41, 1899, 
p.  50;  Jour.  Assn.  Eng.  Soc.,  vol.  2,  1883,  p.  115;  Kept.  U.  S.  Weather 
Bureau,  1896-97,  pp.  372-431 ;  Rept.  on  Physics  and  HydraXilics  of 
Mississippi  River,  pp.  167-183;  Rept.  to  U.  S.  Senate  55th  Congress, 
3d  session,  No.  1433;  Trans.  Am.  Soc.  Civil  Eng.,  vol.  11, 1882,  p.  251 

in  spring  of  1903 Bull.  M,  U.  S.  Weather  Bureau 

increa.sing  elevation  of,  on  Lower  Mississippi Jour.  Assn.  Eng.  Soc., 

vol.  26,  1901,  pp.  345-401 

rate  of  travel  of Rept.  Chief  Eng.  U.,S.  A.,  1892,  p.  2905 

floods,  early,  on Jour.  Assn.  Eng.  Soc.,  vol.  4,  1885,  p.  87; 

Water-Supply  Paper  No.  96,  U.  S.Geol.  Survey,  1904,  p.l9 

flood  protection  on,  at  East  St.  Louis,  111 Eng.  News,  vol.  51,  1904,  p.  118 

in  lower  portion  of  valley Eng.  News,  vol.  23, 1890,  pp.  364,  372;  vol.  45, 

1901,  p.  427;  Jour.  Assn.  Eng.  Soc.,  vol.  3, 1884,  p.  169; 
Rept.  Mississippi  River  Commission,  St.  Louis,  1883 

methods  of Eng.  News,  vol.  31.1894,  p.  318;  vol.  37, 

1897,  pp.  242,  259,  264,  283,  314;  vol.  38,  1897,  pp.  1,  2, 
8,  29;  vol.  41,  1899.  p.  50;  Eng.  Rec.,  vol.  39,  1899,  p.  184; 
Engineering,  April,  1891;  Harpers  Weekly,  Oct.  4,  1890; 
Rept.  on  Physics  and  Hydraulics  of  Mississippi  River, 
pp.  330-420;  Jour.  Assn.  Eng.  Soc.,  vol.  25,  1900,  pp.  85-106 

problem  of Jour.  Franklin  Inst.,  vol.  147,  1899,  pp.  297-308 

results  obtained  and  expected  from Railroad  Gazette,  Apr.  22,  29, 1887 

levees  on,  at  Elast  St.  Louis,  III.,  proposed,  and  relief  canal Eng.  News,  vol.  49, 

1903,  pp.  118,  179 

construction  of Eng.  News,  vol.  35, 1896,  pp.  66, 77:  vol.  37, 1897,  p.  249 

cost  of Eng.  News,  vol.  38,  1897,  p.  33 

criticism  of,  by  New  York  Times Eng.  News,  vol.  49, 1903, 

pp.  276,  346,  408:  vol.  50.  1903,  p.  151 

discussion  of Trans.  Am.  Soc.  Civil  Eng.,  vol.  3. 1874.  pp.  267,  289;  vol.  17, 

1887,  p.  199;  Rept.  on  Physics  and  Hydraulics  of  Mississippi  River,  p.  151 

effect  on  stage  and  discharge Annual  Rept.  Chief  Eng.  U.  S.  A.,  1888,  pt.  4, 

p.  2220;  Eng.  News,  vol.  23, 1890,  p.  315,  vol.  50,  1903,  pp.  435,  436 

function  of Rept.  Chief  Eng.  U.  S.  A.,  1883,  p.  2373 

theory  of Trans.  Am.  Soc.  Civil  Eng.,  vol.  51,  1903,  pp.  331-414 

vindication  of,  by  levee  engineers Eng.  News,  vol.  50,  1903,  pp.  432,  435 

reservoirs  in  basin  of,  system  of,  for  prevention  of  floods Eng.  News,  vol.  12,  1884, 

p.  91:  vol  44, 1900,  pp.  293, 296.  Harpers  Weekly,  Jan.  9, 
1897 ,  Jour.  W.  Soc.  Civil  Eng..  Aug.,  1900;  and  Apr.,  1901 

revetment  on,  methods  of Eng.  Mag.,  June,  1896;  Trans.  Am.  Soc.  Civil  Eng., 

vol.  35,  1896.  p.  141,  Ilaipers  Weekly,  Oct.  4,  1890 

snow  in  basin  of,  relation  of,  to  the  June  rises Eng.  News,  vol.  51,  1904,  p.  179 

«8»uri  River,  erosion  of,  of  banks,  survey  to  determine  amount  of Eng.  News,  vol. 

30,  1893,  p.  9;  Tran.s  Am.  Soc.  Civil  Eng.,  vol  38,  1898,  p.  396 

levees  on,  effect  ol,  on  flood  of  1881 .  .Rept.  Mississippi  River  Commission,  1881,  p.  135 

Mohawk  River,  N.  Y.,  discharge  of.  at  Liitle  Falls,  1899,  1900,  1901,  1902. .  Watei -Supply 

Paper  No.  65,  U.  S  Geol.  Survey,  1902,  pp.  165- 

177;  Hydrology  State  of  New  York,  1905,  p.  476 

discharge  of,  at  Little  Falls,  1904  . .  .Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey, 

1905,  pp.  35,  39,  Rept.  State  Eng.  New  Y  ork,  1904,  p  588 

at  Utica,  1890-1892 Hydroiogv  State  of  New  York,  1905,  p.  476 
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Mokawk  River,  N.  Y.,  discharge  in  upper  portion  of  basin  of,  Mar.  25,  26,  1904. .  .Rept. 

State  Eng.  New  York,  1904,  pp.  388, 389 

flood  on,  March,  1904 Water-Supply  Paper  No.  147,  U.  S.  Geo!.  Survey, 

1905,  p.  32:  Rept.  State  Eng.  New  York,  1904,  p.  77 

Moose  River,  discharge  of,  at  Ager'.s  mill,  April,  1869 Hydrology  State  of 

New  York,  1905.  p.  466 

Morehead,  Tex.,  discharge  of  Pecos  River  at,  September  and  October,  1904 Water- 

Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  pp.  133,  137 

Neosho  Rapids,  Kans.,  flood  at,  June,  1904 Water-Supply  Paper  No.  147,  U.  S.  Geol. 

Survey,  1905,  p.  89 

Neosho  River,  Kans.,  discharge  of,  at  lola,  greatest  annual,  July,  1904 Water-Supply 

Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  86 

flood  on,  at  Chanute,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  19a5,  p.  91 

at  Emporia,  June,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  90 

at  Fort  Gibson,  Ind.  T.,  June,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  91 

at  Humboldt,  June,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  87 
at  lola,  June,  1904.  .Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  85 

levees  on Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  92 

New  Hartford,  N.  Y.,  discharge  of  Starch  Factory  Creek  at,  March,  1904. .  .Water-Supply 

Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  37 

discharge  of  Sylvan  Glen  Creek  at,  March,  1904 Water-Supply  Paper  No.  147,  U.  S. 

Geol.  Survey,  1905,  p.  37 

New  York,  flood  discharge  of  streams  in H.  Do<\  149, 56th  Congress,  2d  session,  pp. 

790-816 

Report  of  Water  Storage  Commission  of Eng.  News,  vol.  49,  1903,  pp.  115,  183 

Nine  Mile  Creek,  N.  Y.,  discharge  of,  at  Stittsville,  August.  1898 Hydrolog)^  State  of 

New  York,  1905,  p.  485 
North  Loup  River,  Nebr.,  discharge  of,  near  St.  Paul,  1896.  ..18th  Ann.  Rept.  U.  S.  Geol. 

Survey,  pt.  4,  pp.  177-179 

Oakdale,  Pa.,  flood  near,  June,  1904 Water-Supply  Paper  No.  14, 

U.  S.  Geol.  Survey,  1905.  p.  114 

Ohio  River,  flood  on,  1884 Eng.  New.s,  vol.  11,  1884 

flood   protection   on Mississippi  and  Ohio  Rivers,  by  Charles  Ellet,  1853,  p.  298 

floods,  great,  on Rept.  on  Physics  and  Hydraulics  of  Mississippi  River,  p.  79 

velocity   of,   on Mississippi  and  Ohio  Rivers,  by  Charles  Ellet,  1853,  p.  300 

Oneida  Creek,  N.  Y.,  discharge  of,  near  Kenwood,  1891 Hydrology  State  of 

New  York,  1905,  p.  450 

discharge  of,  near  Kenwood,  1892 Water-Supply  Paper  No.  65, 

U.  S.  Geol.  Survey,  1902,  p.  Ill 
Ontario  Paper  Mills,  N.  Y.,  discharge  of  Black  River  at,  April,  1869. .  .Water-Supply  Paper 

No.  65,  U.  S.  Geol.  Survey,  1902,  p.  105 

Oriskany  Creek,  .\.  Y.,  discharge  of,  at  Coleman,  spring  of  1888 Hydrology  State  of 

New  York,  1905,  p.  485 

discharge  of,   in   1904 Rept.  State  Eng.  New  York,  1904,  pp.  588,  592 

Oroville,  Cal.,  discharge  of  Feather  River  at,  February  and  March,  1904 WateivSupplj 

Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  16 

Osage  River,  Kans.,  flood  on,  June,  HK)4 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  pp.  106,  107 
Oswego  River,  N.  Y.,  discharge  of,  at  Fulton. . .  .Hydrology  Slate  of  New  York,  1905,  p.  458 
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)ttawa,  Kans.,  flood  on,  June,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  107 

Xter Creek,  X.  Y.,  discharge  of,  at  Caslers  Mill,  April,  1869 Hydrology  State  of 

New  York,  1905,  p.  466 

»a(olet  River,  S.  C,  flood  on,  June,  1903 Water-Supply  Paper,  No.  96, 

U.  S.  Geol.  Survey,  1904,  p.  13 
^assair  River,  N.  J.,  discharge  of,  at  Chatham,  March,  1902. .  .Water-Supply  Paper  No.  88, 

U.  S.  Geol.  Survey,  1903,  p.  37 
discharge  of,  at  Dundee  dam,  Fehruary  and  March,  1902.  -Water-Supply  Paper  No.  88, 

U.  S.  Geol.  SurVey,  1^03,  p.  43 

at  Dundee  dam,  October,  1903 Water-Supply  Paper  No.  92, 

U.  S.  Geol.  Survey,  1904,  pp.  21,22 

at  Little   Falls,  Octol)er,   19a3 Water-Supply  Paper  No.  92, 

U.  S.  Geol.  Survey,  1904,  p.  17 

flood  on,  at  Little  Fails,  February  and  March,  1902 Water-Supply  Paper  No.  88, 

U.  S.  Geol.  Survey,  1903,  p.  39 

at    Paterson,   October,    1903 Eng.  News,  1903,  vol.  50,  pp.  352,377,388 

in   1903 Wa.er-Supply  Paper  No.  92,  U.  S.  Geol.  Survey,  1904 

in  February  and  March,  1902 Water-Supply  Paper,  No.  88, 

U.  S.  Geol.  Survey,  1903 

flood  protection  on,  methods  of Eng.  News,  vol.  50,  1903,  p.  388;  Water-Supply 

Paper  No.  92,  U.  S.  Geol.  Survey,  1904,  pp.  28,40 

highland  tributaries  of,  discharge  of,  February  and  March,  1902 Water-Supply 

Paper  No.  88,  V.  S.  Geol.  Survey,  1903,  pp.  37,  41 

Peeos River,  N.  Mex.,  discharge  of,  September  and  October,  1904 W'ater-Supply  Paper 

No.  147,  U.  S.  Geol.  Survey,  1905,  pp.  133, 137 

flood  on,  September  and  Octolx»r,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  130 

^uanac  River,  N.  J.,  discharge  of,  at  Macopin  dam,  March,  1902 Water-Supply  Paper 

No.  88,  U.  S.  Geol.  Survey,  1903,  p.  37 
flood  on,  October,  1903.  .Water-Supply  Paper  No.  92,  U.  S.  Geol.  Survey,  1904,  p.  16 

^Wl Creek,  Ariz.,  discharge  of,  at  Globe,  August,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  119 
flood  on,  August,  1904.  .Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  118 

I*ittsburg. Cincinnati,  Chicago  and  St.  Louis  Railway,  floods  along,  in  1897 Railroad 

Gazette,  May  14,  1897 

^m  Rock,  N.  Y.,  discharge  of  East  Branch  of  Fish  Creek  at,  in  1889 Hydrology  S(ate 

of  New  York,  1905.  p.  460;  Water-Supply  Pa- 
per No.  65,  U.  S.  Geol.  Survey,  1902,  p.  108 
Potomac  River,  discharge  of,  at  Chain  Bridge,  Washington,  D.  C,  1892,  1893.  ..14th  Ann. 

Rept.  U.  S.  Geol.  Survey,  pt.  2,  p.  137 

reclamation  of  flats  along,  at  Washington,  D.  C Trans.  Am.  Soc.  Civil  Eng., 

vol.  31,  1894,  p.  55 
Purgatory  River,  Colo.,  discharge  and  flood  of,  at  Trinidad,  September,  1904 Water- 
Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  li:.05,  pp.  1.58,  164 
^apo  River,  N.J. ,  discharge  of.  near  mouth,  March,  1902. .  .Water-Supply  Paper  No.  88, 

U.  S.  Geol.  Survey.  19a3.  p.  37 
(apid  Creek,  S.  Dak.,  discharge  of,  at  Rapid,  June,  1904. . .  Water-vSnpply  Paper  No.  147, 

L'.  S.  Geol.  Survey,  1905.  p.  57 

led  Bluff,  Cal.,  discharge  of  Sacramento  River  at,  1879.  1S94 Rept.  Commissioners 

Public  Works,  California,  pp.  52-58 

ed  House,  N.  Y.,  floods  at.  1SV2  and  1S65 .Water-Supply  Paper  No.  36, 

U.  S.  Geol.  Survey,  1900,  p.  158 

i 
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Red  River,  great  floods  of Rept.  on  Physics  and  Hydraulics  of  Mississippi  River,  p.  40 

Redwater  River,  S.  Dak.,  discharge  of,  at  Belle  Fourche,  June,  1904.  .Water-Suppiy  Pajw 

No.  147,  U.  S.  Geol.  Survey,  1905,  p.  57 
Republican  River,  discharge  of,  at  Junction,  Kans.,  May  and  June,  1903  . .  .Water-Supply 

Paper  No.'96,  U.  S.  Geol.  Survey,  1904,  p.  35 

discharge  of,  at  Superior,  Nehr.,  May  and  June,  1903 Water-Supply  Paper  No.  96, 

U.  S.  Geol.  Survey,  1904,  p.  36 

flood  on,  at  Junction,  Kans.,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  73 

Reservoirs,  elTect  of,  on  stream  flow;  a  mathematical  analysis Trans.  Am.  Soc.  GtII 

Eng.,  vol.  40,  1896,  p.  401 

efficiency  of,  to  prevent  inundation Eng.  News,  vol.  25,  1891,  p.  258; 

Proc.  Inst.  Civil  Eng.,  vol.  101,  p.  408 

system  of,  of  the  Great  Lakes  and  of  the  St.  Lawrence  basin Trans.  Am.  Soc. 

Civil  Eng.,  vol.  40,  1898,  p.  355 

Rio  Grande,  discharge  of,  Septemljer  and  October,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  pp.  144-146 

flood  on,  September  and  October,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905^  pp.  143. 148 
Rio  Mora,  N.  Mex.,  discharge  of,  at  Watrous,  October,  1904. . .  Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  124 

discharge  of,  at  Weber,  October,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  127 

flood  on,  September  and  Octol)er,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  127 

Robinson  Run,  Pa.,  flood  on,  June,  1904 Water-Supply  Paper  No.  147» 

U.  S.  Geol.  Survey,  1905,  p.  ^^ 
Rockaway  River,  N.  J.,  discharge  of,  near  Boonton,  March,  1902. . .  .Water-Supply  Pftp®^ 

No.  88,  U.  S.  Geol.  Survey,  1903,  p.  ^^ 

Roscndale,  N.  Y.,  discharge  of  Esopus  Creek  at,  March,  1902 Hydrology  St*^ 

of  New  York,  1905,  p.  ^''^ 

Roswell.  X.  Mex.,  discharge  of  Hondo  River  at,  September  and  October,  1904 ^^*'*'^Ik 

Supply  Paper  No.  147,  V.  S.  Geol.  Survey,  1905,  p.  1-  ^ 

discharge  of  Pecos  River  at,  Septemlwr  and  OctoU'r,  1904 Water-Supply  y^^^^ 

No.  147,  U.  S.  Geol.  Survey,  1905,  P-  ^   ^ 

Sacranicnlo  River,  Cal.,  channel  obstruction  on Eng.  Rec,  vol.  42,  1900,  pp.  491-#'^ 

disilmrge  of,  alnive  mouth  of  American  River,  alx)ve  mouth  of  Feather  River,  at 
Colusa.   Sacramento,  and  Red  Bluff.  March,  1879,  and  January, 

1904 Rept.  Commissioner  Public  Works, 

California,  1895,  pp.  52-^^ 

at  Iron  Canyon,  February  and  March,  1904 Water-Supply  Paper  No.  14^*- 

U.  S.  Geol.  Survey,  1905,  p.  !•     ^ 
flood  on,  March,  1904.  -Water-SuppIy  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  1:^ 

flood  basins  of Rept.  Conmiissioner  Public  Works,  California,  1895,  pp.  38-4c:>^ 

flood  protection  on Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1906,  p.  21^' 

Saline  River.  Kans.,  di.s<'harge  of,  at  Salina,  May  and  June,  1903. .  .  .Water-Supply  Paper^^ 

No.  96,  U.  S.  Geol.  Survey,  1904,  p.  35    ^ 

Salt  River,  Ariz.,  discharge  of  and  fl(K)d  on,  February,  1890 12th  Ann.  Rept.  U.  S. 

Geol.  Survey,  pt.  2,  p.  312 
San  Marcial,  N.  Mex.,  discharge  of  Rio  Grande  at,  St^pteml^r  and  October,  1904. .  .Water- 
Supply  Paper  No.  147,  U.  S  Geol.  Survey,  1905.  pp.  144,  146 
Sandy  Creek,  N.  Y.,  discharge  of,  at  Adams,  1897,  1898. .  .Hydrologj-  State  of  New  York, 

1905,  p.  461 
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SuiU  Fe  Omyon,  flood  in,  1904 Wat<?r-Supply  Paper  No.  147,  U.  S.  Gcol.  Survey, 

1905,  p.  148 

Santa  Rosa,  N.  Mex.,  discharge  of  Pecos  River  at,  September  and  October,  1904. .  .Water- 

Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  pp.  133,  137 

Sapello  River,  discharge  of  and  flood  on,  Octolxr,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  pp.  124,  126 

Sauquoit  Creek,  N.  Y.,  discharge  of,  1904 Rept.  State  Eng.  New  York,  1904,  p.  588 

Savannah  River,  discharge  of,  in  September,  1888 Rept.  Chief  Eng.,  U.  S.  A.,  1900, 

pp.  91,92 

dischaiige  of,  near  Augusta,  Ga 14th  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  2,  p.  149 

flood  on,  1888 H.  Doc.  213,  51st  Congress,  1st  session 

floods  on Rept.  Chief  Eng.,  U.  S.  A.,  1888,  p.  1026 

flood  protection,  levees  proposed  for,  at  Augusta,  Ga Rept.  Chief  Eng.,  U.  S.  A., 

1900,  pp.  1496-1498 

Schoharie  Creek,  N.  Y.,  discharge  of,  at  Fort  Hunter,  1892  and  1901 Hydrology  State 

of  New  York,  1905,  p.  483 

dischaiige  of,  near  Schoharie  Falls,  1901 Water-Supply  Paper  No.  65, 

U.  S.  Geol.  Survey,  1902,  p.  172 

Scioto  River,  Ohio,  discharge  of,  near  Columbus,  Ohio,  1898 20th  Ann.  Jlept.  U.  S. 

Geol.  Survey,  pt.  4,  p.  214 

Scottdale,  Pa.,  failure  of  reservoir  wall  at,  July,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  172 

Seneca  River,  N.  Y.,  discharge  of,  at  Baldwinsville Hydrology  State  of  New  York, 

1905,  p.  458 
Smartsville,  Cal.,  discharge  of  Yuba  River  at,  February  and  March,  1904. .  .Water-Supply 

Paper  No.*147,  U.  S.  Geol.  Survey,  1905.  p.  16 
Smoky  Hill  River,  Kans.,  discharge  of,  at  Ellsworth.  May  and  June,  1903.  .Water-Supply 

Paper  No.  96,  U.  S.  Geol.  Survey,  1904,  p.  35 

flood  on,  at  Ellsworth,  Juno.  1904 Water-Supply  Paper  No.  147, 

r.  S.  Geol.  Survey,  1905,  p.  76 

at  Solomon,  June,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905.  p.  74 
^lomon,  Kans.,  flood  at,  Juno,  HK)4. .  .Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey, 

1905,  p.  74 

^lomon  River,  Kans.,  discliargo  of,  ut  Nilos,  May  and  June,  1903 Water-Supply  Paper 

No.  96,  U.  S.  Geol.  Survey,  1904,  p.  35 

^Uthem  Railway,  floods  along Railroad  Gazette,  July  16,   1897 

Starch  Factory  Creek,  N.  Y.,  discharge  of,  at  New  Hartford,  May,  1904 Water-Supply 

Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  37; 

Kept.  State  Eng.  New  York,  1904,  pp.  588,  590,  591 

^tittville,  N.  Y.,  discharge  of  .\inoinile  Crook  at,  August,  1898  .  ..Hydrology  State  of  New 

York,  1905,  p.  485 
^tony  Creek,  Cal.,  disohargo  of.  at  Julians  ranch,  February  and  March,  1904 Water- 
Supply  I'aper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  16 
Stream  contractions,  dotorminutiotj  of  flood  discharge  and  backwater  caused  by.  .Trans. 

Am.  Soc.  Civil  Eng.,  vol.  11,  1882,  p.  211 
^udbury  River,  yield  of  watorshod  during  the  freshet  of  February,  1886.  .Trans.  Am.  Soc. 

Civil  Eng.,  vol.  25,  1891,  p.  253 

Superior,  Nebr.,  discharge  of  Republican  River  at.  May  and  June,  1903 Water-Supply 

Paper  No.  96,  U.  S.  Geol.  Survey,  1904,  p.  36 

^wsquehanna  River,  discharge  of,  at  Harrisburg,  Pa.  (greatest  yearly) Water-Supply 

Paper  No.  109  U.  S.  Geol.  Survey,  1905,  p.  178 

discharge  of,  at  McCalls  Forry,  Pa.,  March,  1904 Water-Supply  Paper  No.  147, 

U.S.  Geol.  Survey,  1905,  p.  27;  No.  109,  1905,  pp.  178-180 
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Susquehanna  River,  discharge  of,  methods  of  estimating  stream  flow  and Erig.  News, 

vol.51,  1904,  pp.  103,  IW 

discharge  of,  near  Binghamton,  N.  Y.,  1901,  1902 Wat^r-Supply  Paper  No.  82, 

U.  S.  Geol.  Survey,  1903,  pp.  147-1.% 

in  18(>5,  and  1902 Hydrology  State  of  New  York,  1905,  p.  486 

floods  on,  at  York  Haven  power  plant Eng.  Rec.,  vol.  49,  1904,  p.  361 

causes  of Rept.  Chief  Eng.,  U.  S.  A.,  1891,  p.  1107 

in  March,  1904 Eng.  News,  vol.  51,  1904,  pp.  3*3,  400; 

Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  22 

in  1865  and  1889 Rept.  Chief  Eng.,  U.  S.  A.,  1891,  p.  1105 

in  1865  and  1889,  1894,  and  1904 Wat^r-Supply  Paper  No.  109, 

U.  S.  Geol.  Sur%ey,  1905,  pp.  172-178 

in  1892 Eng.  Rec,  vol.  45,  1902,  p.  128 

West  Branch,  June,  1889 Eng.  News,  vol.  25,  1891,  p.  152 

flood  protection  on,  general  discussion  of Rept.  Chief  Eng.  U.  S.  A.,  1891,  p.  1109 

proposed  method  of,  at  Williamsport,  Pa Eng.  News.,  vol.  34,  1895,  p.  309 

Sylvan  Glen  Creek,  N.  Y.,  discharge  of,  near  Hartford,  March,  1904 Water-Supply 

Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  37: 
Rept.  State  Eng.  New  York,  904,  p.  592 

discharge  of,  near  Utica,  March,  1904 Rept.  State  Eng.  New  York, 

1904,  pp.  588,  590 
Syracuse,  Kans.,  discharge  of  Arkansas  River  at,  October,  1904. ..  .Water-Supply  Pap*^ 

No.  147,  U.  S.  Geol.  Survey,  1905,' p.  ^^ 

Taberg  station,  N.  Y.,  discharge  of  Fi.sh  Creek  at,  1898 Water-Supply  Paper  No-  ^\ 

U.  S.  Geol.  Survey,  1902,  p.  "^^ 

Taylor,  N.  Mex.,  discharge  of  Canadian  River  at,  1904 Water-Supply  Paper  No.  1^' 

U.  S.  Geol.  Survey,  1905,  p.  f^ 
Tiger  River,  S.  C,  flood  on,  June,  190:3.  .Water-Supply  Paper  No.  96,  U.  S.  Geol.  Surv^' 

1904,  p.    ^ 

Topeka,  Kans.,  floods  at,  1903,  1904 Water-Supply  Paper  No.  ^ 

U.  S.  Geol.  Survey,  1904,  p.  27:"*  No.  147,  1905,  p.  "^ 
Trenton  Falls,  N.  Y.,  discliarge  of  West  Canada  Creek  at,  I)eceml>er,  1901. ..  .HydrologSL 

State  of  New  York,  1905,  p.  4»' 

Trinidad,  Colo.,  flood  at,  September,   1904 Water-Supply  Paper  No.  147^ 

U.  S.  Geol.  Survey,  1905,  pp.  161,  16^ 

Troxton  Canyon,  Ariz.,  flood  at,  August,  UK)4 Water-SuppIy  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  lU 
Twin  Rock  Bridge,  N.  Y.,  discharge  of  West  Canada  Creek  at,  December,  1901.. Water- 
Supply  Paper  No.  6.5,  U.  S.  Geol.  Survey,  1902,  p.  15c 

discharge  of  West  Canada  Creek  at,  March,  11K)4 Rept.  State  Eyg.  New  York 

1904,  p.  59C 
Upper  Presidio,  Tex.,  discharge  of  Rit)  Grarule  at,  October,  UX)4. ..  .Water-Supply  I'apei 

No.  147,  U.  S.  Geol.  Survey,  1905,  p.  14^ 

Utica,  N.  Y.,  di.scharge  of  Budlong  Creek,  near.  .Kept.  State  Eng.  New  York,  1904,  p.  5S8 

discharge  of  Mohawk  River  at.  1890-1892.  .Hydrology  State  of  New  York,  1905,  p.  47t: 

of  Reels  Creek  at,  March,   1904 Water-Supply  Paper  No.  147 

U.  S.  Geol.  Survey,  1905,  p.  37 

of  Sylvan  Glen  Creek,  near,  Mareh,   1904 Rept.  State  Eng.  New  York, 

1904,  pp.  588.  r>9(] 
Verdigris  River,  Kans.,  di.scharge  of,  at  Independence,  June,  UK)4.  .Water-Supply  Paper 

No.  147,  U.  S.  Geol.  Survey,  1905,  p  101 

di.scharge  of,  at  Lil)erty,  June,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  101 
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Vcrdigres  River,  Kans.,  floods  on,  April  to  July,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  94 
Habash  River,  Ind.,  discharge  of,  at  Logansport  and  Shoals,  March  and  April, 

1904. . .  .Water-Supply  Pap<'r  No.  147,  i:.  S.  Geol.  Survey,  1905,  p.  48 

flood  on,  March,  1904 Water-vSupply  Paper  No.  147,  I'.  S.  Geol.  Survey,  1905,  p.  45 

Walnut  River,  Kans.,  flood  on,  June,  1904 Water-Supply  Paper  No.  147,  U.  S.  Geol. 

Survey,  1905,  p.  112 

Wanaque  River,  N.  J.,  discharge  of,  near  mouth,  March,  1902 Water-Supply  Paper 

No.  88,  U.  S.  Geol.  Survey,  1903,  p.  37 

Watertown,  N.  Y.,  discharge  of  Black  River  at,  April,  1869 Water-Supply  Paper  No. 

65,  U.  S.  Geol.  Survey,  1902,  p.  105 
Watrous,  N.  Me.x.,  discharge  of  Rio  Mora  at,  October,  1904.  .Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  124 

Waterways,  method  of  computing  cross  .section  area  of Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  182 
Waverly,  N.  Y.,  discharge  of  Cayuta  Creek  at. . .  Kept.  State  Eng.  New  York,  1904,  p.  647 

Weber,  N.  Mex.,  discharge  of  Rio  Mora  at,  Octol)er.  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  127 

Wfiser  River,  Idaho,  discharge  of,  near  Weiser,  1890 1 1th  Ann.  Rept. 

U.S. Geol. Survey,  pt.  2,  p.  92 

West  Camden,  N.  Y.,  discharge  of  Fi.sh  Creek  at,  1889 Water-Supply  Paper  No.  65, 

U.  S.  Geol.  Survey,  1902,  p.  108 
W«t  Canada  Creek,  N.  Y.,  discharge  of,  at  Trenton  Falls,  December  1901.  .Water-Supply 

Paper  No.  65,  U.  S.  Geol.  Survey,  1902,  p.  155 

at  Twin  Rock  Bridge,  March,  1904 Rept.  State  Eng.  New  York,  1904,  p.  590 

Whippany  River,  N.  J.,  discharge  of,  at  Whippany,  March,  1902 Water-Supply  Paper 

"  No.  88.  U.  S.  Geol.  Survey,  1903,  p.  37 

Wichita,  Kans.,  flood  at,  June,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1904,  p.  Ill 

"illiamsport,  Pa.,  proposed  method  of  flood  protection  at Eng.  News,  vol.  34, 

1895,  p.  30» 

billow  Creek,  Oreg.,  discharge  of,  at  lleppner,  June  14,  1903 Water-Supply  Paper 

No.  96,  U.  S.  Geol.  Survey,  1904,  p.  11 

flcxxi  on,  June  14,  1903 .Water-Supply  Paper  No.  96, 

r.  S.  Geol.  Survey,  1904,  p.  9:  Eng.  News,  vol.  50,  1903,  p.  53 

Woodhill  Creek,  N.  Y.,  discharge  of,  at  Hill  Tannery,  April,  1869 Hydrology  State  of 

New  York,  1905,  p.  466 

W'oodstocks  dam,  N.  Y.,  discharge  of  Catskill  Creek  at,  1901 Hydrology  State  of 

New  York,  1905,  p.  474 
Vazoo  River,  great  floods  on.  .Rept. on  Physics  and  Hydraulics  of  Mississippi  River,  p.  85 
Yola,  Cal.,  discharge  of  Cache  Creek  at,  February  aqd  March,  1904.  .Water-Supply  Paper 

No.  147,  i:.  S.  Geol.  Survey,  1905,  p.  16 

York  Haven,  Pa.,  damage  to  power  plant  at Eng.  Rec,  vol.  49,  1904,  p.  361 

Yuba  River,  Cal.,  discharge  of,  at  Smart sviHe,  February  and  .Maich,  1904.  .Water-Supply 

Papt^r  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  16 
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AUlMima  River,  flood  flow  and  character  of 

basin  of 72,87 

Allegheny  River,  flood  on 13-lG 

heights  cf 15, 16 

-A'n)*.  N.  Mex.,  discharge  of  San  Francisco 

River  at 42 

Andrr.scoggin  River,  flood  flow  and  char- 
acter of  basin  of 57, 87 

ArktnsM  River,  maximum  dischargn  of,  at 

Pueblo,  Colo 84, 87 

Artii^on,  Mo.,  heights  cf  Gasconade  River 

at 21 

Aagosu,  Ga..  flood  flow  cf  Savannah  River 

at 71,87 

Aoitin,  Tex.,  maximum  discharge  of  Colo- 
rado Hi  ver  at 84 .  87 

^f  River,  Utah,  maximum  discharge  cf, 

at  Collinston 85. 87 

^ver  River,  heights  of,  at  Elwood  Junc- 
tion, Pa 17,19 

Blxby,  8.  Dale.,  heights  of  Ifbreau  River  at.        23 
Blick  Warrior  River,  Ala.,  flood  flow  and 

character  of  basin  of 72-74, 87 

^i*,  Idaho,  maximum  discharge  of  Roisc 

River  at 

BoiK  River,  Idaho,  maximum  discharge  of, 

atBoisQ 85 

Boonrille.  Mo.,  heights  of  Missouri  River  at.       22 
Boundbroolc.  N.  J.,  flood  flow  of  Raritan 

River  at 64.87 

Bridgeport,  Conn.,   flood   on    Pequonnock 

River  near 1-3 

rainfall  at  and  near 1,2 

BroolcviUe,  Pa.,  heights  cf  Redbank  Creek 

at 15 

Cape   Fear    River,  N.  C,  flood   flow  and 

character  of  basin  of (»9-70. 87 

Carlsbad,  N.  Mex.,  heights  of  Pecos  River  at       33 
Cayuga  Inlet,  N.  Y.,  flood  on  Sixmile  Cn»ck 

and 

map  of  basin  of 

Cenicero.  N.  Mex.,  heights  of  Rio  G  rnnde  at. 
Charleston,  W.  Va..  heights  of  Ohio  River  at 
CliattaDooica,  Tenn.,  flood  flow  of  T<>nness4X) 

River  at 79, 87 

ClieDango  River,  N.  Y.,  drainagit  an«a  of 11 

flood  on  Unadllla  River  and U-13 

mapof  basins  cfUnadilla  River  and 10 

Cliejnenne  River,  S.  Dak.,  heights  and  dis- 

chaigeof 23 


85 
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3 

36 
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Chippewa  River,  Wis.,  gage  heights  and  dis- 

I  charge  of 24 

i  Cincinnati,  Ohio,  heights  of  Ohio  River  at..        17 

I  Clarion,  Pa.,  heights  of  Clarion  River  at 15 

Clarion  River,  Pa.,  heights  ( f,  at  Clarion. . .  15 
Cliff,  N.  Mex.,  discharge  of  Gila  River  at. . .  53 
Collinston.   Utah,  maximum  discharge  of 

•  BearRiverat 85,87 

Colorado  River  basin,  springfloods  in 38-51 

Colorado    River,   discharge   of,   at   Yuma, 

.Vriz 48-51,53 

discharge  of,  Into  Salton  Sink 54-55 

fall  of 38 

I  height  and  discharge  of,  at  llardyvllle, 

.\riz 40,41 

Colorado  lilver,  Tex.,  maximum  discharge 

of,  at  Austin 84,87 

I   Columbus,  Nebr,  maximum  discharge  of 

I^oupand  Platte  rivers  at 84,87 

Coneniaugh   River,   heights  cf,  at  Johns- 
town, Pa 15 

Confluence,  Pa.,  flood  How  of  Youghlogheny 

Riverat 77-78,87 

I   Connecticut  River,  flow  flood  and  charac- 

U'r  of  basin  of 60-61, 87 

map  of  basin  cf (iO 

Covert,  C.  C,  and  Horton,  li.  E.,  on  flood  on 
Unadilla  and  Chenango  rivers, 

N.  Y 9-13 

Delawan*  Itlver.  flood  How  and  eliaracter  of 

basin  of 64-65,87 

map  of  basin  of 64 

Des  Moines  County,  Iowa,  Hood  in 31 

Des   Moines   River,  heights  and   discharge 

of ,  at  Keosaiiqua,  Iowa 26 

Devils  Cn^k,  Iowa,  flood  on 24-31 

map  of  basin  of 25 

plan  a  nd  proflle  of 27 

Dome,  .\riz.,  discharge  of  Gila  River  at.  47-48,53 
Dundee  dam,  N.  J.,  flood  flow  of  Passaic 

River  at ti3.87 

Eau  Clairi',  Wis.,  gage  heights  and  discharge 

of  Chippewa  Riverat 24 

Edgemont,  S.  Dak.,  heights  and  discharge 

of  Cheyenne  Riverat 23 

Ellison,  (J.  H.,  on  floo<i  on  Cayuga  Inlet. . .  5 
EI  Paso,  Tex.,  discharge  of  Rio  Grande  at .        37 

heights  of  Rio  G  rande  at .'W 

Elwood  Junction,  Pa.,  heights  of  Beaver 

Riverat 17 
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Peoria.  IH.,  flood  now  of  Illinois  River  at....  80,87 

Pequonnock  River,  Conn.,  flood  on 1-3 

Pittsburg,  Pa.,  flood  at 13 

FUitte   River,  maximum  discharge  of,  ut 

Columbus.  Nebr 84 

Point  of  Rocks,  Md.,  flood  flow  of  Potomac 

Rivcrat 68.87 

Potomac  River,  flood  flow  and  character  of 

basin  of. ai-ild, S7 

Purgatory  River,  Colo.,  flood  on ."^l^i 

view^  of,  at  Trinidad,  Colo :  2 

Pueblo.  Colo.,  maximum  discharge  of  .\r- 

kansas  River  at M.  87 

Rainfall,  Bridgeport,  Conn 1.2 

Chenango  and  Unadilla  watershe<ls II 

Gila  basin .'S.W 

Grand  River  basin,  Michigan 20 

1  iwa.  southeastern 2*) 

Little  Colorado  basin 39.52 
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acter  of  basin  of 04. 87 
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vllle 15 
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River  at 15 
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Run-off,  formula  for  computing 31 
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BIBLIOGRAPHIC   REVIEW  AND   INDEX  OF  UNDERGROUND-WATER 
LITERATURE  PUBLISBED  IN  TBE  UNITED  STATES  IN  1905. 


By  Myron  L.  Fuller,  Frederick  O.  Olapp,  and  Bertrand  L.  Johnson. 


INTRODUCTION. 

To  meet  the  urgent  need  which  was  felt  for  more  definite  information  as  to 
underground-water  publications  in  the  United  States,  plans  for  bibliographies 
of  such  literature  were  made,  in  1003,  on  the  organization  of  the  division  of 
hydrology.  A  bibliography  of  the  imblicatlons  of  the  United  States  Geological 
Surrey,  which  has  been  the  leading  contributor  to  such  literature,  was  prepared 
in  accordance  with  these  plans  and  published  in  1905. 

The  scope  of  the  present  bibliography  has  been  extended  to  cover  all  publica- 
tions in  the  United  States  which  seemetl  likely  to  contain  important  references 
to  underground  waters,  technical  and  trade  journals  as  well  as  the  more  strictly 
scientific  contributions  being  reviewed.  The  reports  of  the  Canadian  Geological 
Survey  are  also  included.  The  list  of  publications  examined  will  he  found  on 
page  6.  The  attempt  has  l>een  made  to  render  this  compilation  as  complete 
as  ix)ssible,  to  which  end  not  only  have  the  papers  dealing  mainly  with  under- 
ground waters  been  reviewed  but  many  general  papers  have  been  scanned  for 
incidental  references.     There  are  7*J1  titles  in  the  bibliography. 

As  in  the  case  of  the  jirevious  bibliography,  two  distinct  classes  of  readers 
were  kept  in  mind  in  i>reparing  the  index,  the  first  including  those  who  are 
interested  in  the  underground-water  resources  of  special  regions  and  the  second 
those  who  are  interested  in  some  particular  type  of  ground  water  or  in  one  or 
more  of  the  many  problems  of  ground- water  occurrence.  For  the  benefit  of  the 
first  class,  comprehensive  entries  are  given  under  States  and  other  political  or 
natural  divisions,  while  the  numerous  subject  entries  will  appeal  to  readers  of 
the  second  class.  The  aim  has  b(vn  to  assemble  the  subject  entries  into  com- 
prehensive groups,  each  including  all  references  to  papers  containing  material 
bearing  on  the  subject  of  the  groui>.  The  State  entries  will  be  found  the  most 
complete,  as  they  include  many  which  it  is  imi)ossible  to  classify  satisfactorily. 

The  subject  entries,  as  in  the  lavceding  bibliography,  are  grouped  into  series 
of  what  may  be  termed  princiiMil  subject  entries,  but  a  large  number  of  entries, 
including  those  whicli  it  was  impracticable  to  classify,  together  with  numerous 
cross  references,  are  included  with  the  view  of  increasing  the  usefulness  of  the 
index. 
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LIST  OF  PUBLICATIONS  EXAMINED. 

The  publications  examined  In  preparing  this  bibliography  and  index  ii 
such  of  the  following  as  were  published  in  1905  and  received  at  the  Depai 
libraries  in  Washington  prior  to  March  1,  1906. 

Alabama  Geological  Survey :    Bulletin ;    Index  to  Mineral  Resources 

American  Academy  of  Arts  and  Sciences :    Proceedings. 

American  Academy  of  Natural  Sciences :    Proceedings. 

American  Chemical  Journal. 

American  Chemical  Society  :    Journal. 

American  Geographical  Society  :    Bulletin. 

American  Institute  of  Mining  Engineers :  Bimonthly  Bulletin. 

Amerlcau  Journal  of  Science. 

American  Pbilosophicai  Socitey  :   Proceedings. 

American  Society  of  Civil  Engineers :  Proceedings  and  Transactions. 

American  Waterworks  Association  :    Proceedings. 

Appalachia. 

Association  of  Civil  Engineers  of  Cornell  University :    Transactions. 

Association  of  Engineering  Societies :  Journal. 

Boston  Society  of  Natural  History :    Proceed Iuks. 

California  Journal  of  Technology. 

Canada  Geological  Survey  :  Summary  Report  for  1904. 

Carnegie  Institution  of  Washington  :  Yearbook. 

Cassier's  Magazine. 

Census  of  the  Philippine  Islands  for  1903. 

Chemical  Engineer. 

Colorado  Scientific  Society  :  Proceedings. 

Compressed  Air. 

Connecticut  State  Board  of  Health  :  Twenty-seventh  Annual  Report. 

Dally  Consular  Reports. 

Elisha  Mitchell  Scientific  Society  :  Journal. 

Engineering  and  Mining  Journal. 

Engineering  Magazine. 

Engineering  News. 

Engineering  Record. 

Engineering  Society  of  Western  Pennsylvania  :  Proceedings. 

Engineers*  Club  of  Philadelphia  :  Proceedings. 

Experiment  Station  Record. 

F'orestry  and  Irrigation. 

Franklin  Institute:  Journal. 

Georgia  Geological  Survey  :  Bulletin. 

Harvard  College,  Museum  of  Comparative  Zoology  :  Bulletin. 

Illinois  Society  of  Engineers  and  Surveyors:  Twentieth  Annual  Report. 

Indiana,  Department  of  Geology  and  Natural  Resources  :  Annual  Report. 

Iowa  Geological  Survey  :  Annual  Report  for  1904. 

Irrigation. 

Irrigation  Age. 

Irrigation  Aid. 

Journal  of  Geography. 

Journal  of  Physical  Chemistry. 

Kansas  State  Board  of  Health  :  Second  Biennial  Report. 

Louisiana  Geological  Survey :  Bulletins. 

Michigan  Geological  Survey  :  Reports. 

Mines  and  Minerals. 

Mining  and  Scientific  I'ress. 

Mining  Magazine. 

Mining  Reporter. 

Missouri  Geological  Survey  :  Biennial  Report. 

Monthly  Weather  Review. 

Municipal  Engineering. 

New  England  Waterworks  Association  :  Journal. 

New  Jersey  Geological  Survey :  Annual  Report. 

New  Jersey  State  Board  of  Health ;  Report  for  1904. 

New  York  Academy  of  Sciences :  Annals. 

New  York  State  Museum :  Bulletins. 
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P        tf^iTth  Carolina  6«ological  Survey :  Bulletins,  vol.  1. 
^         ^^rth  Carolina  State  Board  of  Health  :  Tenth  Report. 
pSilllpplne  CommUuilon  :  Report  for  1904. 
^^opular  Science  Monthly. 

X^x-oceedlngs  of  the  Twelfth  National  Irrigation  Congress,  El  Paso,  Tex.,  1904. 
:K^*"ogreB»lve  Age. 
0.^ieiice. 

rlentiflc  American, 
rlentlfic  American  Supplement, 
rliool  of  Mines  Quarterly. 
SKKBithsonian  Institution :  Annual  Report. 
'X'«<^hQical  World  Magazine. 
T^e^chnology  Quarterly. 

UzsJted  States  Department  of  Agriculture:  Annual  Reports;  Farmers*  Bulletins;    Secre- 
tary's Report ;  Twentieth  Annual  Report ;   Yearbook. 
XJmm  ited  States  Department  of  Agriculture.  Bureau  of  Chemistry  :  Bulletins ;  Circulars. 
UzBfted  States  Department  of  Agriculture,  Bureau  of  Soils:  Bulletins;    Field  Operations 

for  1904. 
lUnflted  States  Department  of  Agriculture.  Office  of  Experiment  Stations:  Bulletins. 
Uz&ited  States  Geological  Survey:  Twenty-fifth  and  Twenty-sixth  Annual  Reports;    Bul- 
letins ;   Folios ;   Mineral  Resources  for  1904  ;   Water-Supply  and  Irrigation  Papers. 
I7alte<l  States  National  Museum :  I'roceedings. 
University  of  California :  Bulletin  of  the  Department  of  Geology. 
'^TciAliixigton  Academy  of  Science  :   Proceedings. 
'^'a.ter  and  Forest 
"V^^s^en  Society  of  Engineering  :  Journal. 


BIBUOGRAPHIC  REVIEW. 


1  Adams   (Frank).    The  distribution  and  use  of  -  water  in  the  Modesto  and 

Turlook  irrigation  districts,  California. 

Bull.  Office  Rxp.  Sta.,  U.  S.  Dept.  Agr.,  no.  158,  pp.  93-189,  3  pis.,  1  fig. 
Discusses  rise  of  water  table  due  to  Irrigation   (pp.  126-129). 

2  Adams  (George  I.).     Summary  of  the  water  supply  of  the  Ozark  region  in 

northern  Arkansas. 

Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol.  Survey,  pp.  179-182, 
1  fli?. 

Classifies  the  springs  of  the  region  on  the  basis  of  their  relations  to 
various  limestone,  sandstone,  dolomite,  and  shale  formations,  and  notes 
their  extensive  use  for  health  resorts. 

3  Alexander  (A.  B.).     How  tile  drainage  improves  a  soil. 

Twentieth  Ann.  Rept.  111.  Soc.  Eng.  and  Surv.,  pp.  66-68. 

A  discussion  of  the  benefits  obtained  by  underdrainage.  Excess  soil 
water  may  be  due  to  rainfall  or  seepage  from  soils  at  higher  levels.  Dis- 
cusses the  relation  of  the  level  of  the  ground  water  table  to  plant  life 
and  the  movements  resulting  In  a  saturated  soil>  from  alternate  freezing 
and  thawing. 

4  Allen  (Kenneth).     The  sanitary  protection  of  water  supplies. 

Jour.  Franklin  Institute,  vol.  160,  pp.  297-323. 

Mentions  the  epidemic  caused  by  the  pollution  of  the  Broad  street  well 
In  London  in  1854  ;  Frankland's  experiments  on  the  life  of  typhoid  bac- 
teria in  deep-well  waters ;  examination  by  Whipple  of  the  depth  of 
penetration  of  bacteria  into  the  sands  of  Long  Island  ;  use  of  copper  sul- 
phate In  the  purification  of  a  polluted  spring  water.  States  that  artesian 
waters  contain  no  bacteria. 

5  Anderson  (George  E.).     Well-boring  machinery  and  pumps  in  China. 

Daily  Consular  Repts.  no.  2170,  Dept.  Com.  and  Labor,  pp.   10-11. 
Discusses  need  of  wells,  well-boring  machinery,  pumps,  and  underground- 
water  supplies  In  Chinese  cities. 

C  Arnold  (Ralph).     Coal  in  Clallam  County,  Washington. 
Bull.  TT.  S.  (ieol.  Survey  no.  260,  pp.  413-^21. 
Notes  an   abandoned   1,500-foot  well    (p.   415)    and  gives  a   well   record 

(p.  418). 

7  Ashley  (George  II.).  Water  resources  of  the  Mlddlesboro-Harlan  region  of 
soutlioa stern  Kentucky. 

Water-Snp.  and  Irr.  Paper  no.  110,  IT.  S.  Geol.  Survey,  pp.  177-178. 

Describes  one  flowing  artesian  well  from  the  Lee  conglomerate.  Men- 
tions abundance  of  good  springs.  . 
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8  Ashley   (George  H.).    Water  resources  of  the  Nicholas  quadrangle,  Wefit 

Virginia. 

Water-Sup.  and  Irr.  Paper  no.  145,  U.  S.  Geol.  Survey,  pp.  64-66. 

Outlines  the  underground-water  conditions,  stating  that  shallow  wel^^ 
are  largely  used  on  the  ridges,  while  springs  are  an  Important  source   ^^ 
water  on  the  slopes  and  in  valleys.     A  few  deep  wells  and  a  waterwor*^* 
system  are  located  at  Rich  wood.    The  shallow  wells  are  likely  to  go  d*'^ 
in  summer,  but  the  springs,  although  small,  are  more  constant.    The  ho^^' 
son  of  the  Gauley  coal  is  characterised  by  many  springs.     The  conditio*^-^ 
are  considered  favorable  for  artesian  wells. 

9  Atkinson  (James  P.).     Shallow- well  waters  of  Brooklyn. 

Abstract :  Science,  new  ser.,  vol.  21,  p.  987. 

Concludes  that  the  w^ells  are  In  serious  danger  of  pollution  by  sewage. 

10  Ayrs   (O.  L.),  Mooney   (Charles  N.)   and.     Soil  survey  of  the  Greenvill^==^ 

:irea,  Tennessee-North  Carolina. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agp.,  pp.  493 ' 

525,  1  map,  1  flg. 

See  Mooney  (Charles  N.)  and  Ayrs  (O.  L.). 

B. 

11  Babb    (Cyrus  C.)    and  Hoyt    (John  C).    Report  of  progress  of  stream 

measurements  for  the  calendar  year  1904:  Part  VII,  Hudson  Bay. 
Minnesota,  Wapsipinicon,  Iowa,  Des  Moines,  and  Missouri  River 
drainages. 

Water-Sup.  and  Irr.  Paper  no.  130,  U.  S.  Geol.  Survey,  204  pp. 

Gives  measurements  of  seepage  (p.  102)  and  of  Giant  springs  In  Mon- 
tana (p.  192). 

12  Bain  (H.  Foster).    Zinc  and  lead  deposits  of  northwestern  Illinois. 

Bull.  U.  S.  Geol.  Survey  no.  246.  56  pp.,  5  pis.,  3  figs. 

Describes  enlargement  of  Joint  cracks  in  limestone  through  solution  by 
underground  waters  (pp.  31-32)  and  deposition  of  ores  in  the  cavities  (p. 
33).  Describes  relation  of  ores  to  level  and  circulation  of  underground 
water  (pp.  35-36,  46-50).     Gives  drill  record   (p.  42). 

13  The  fluorspar  deposits  of  southern  Illinois. 

Bull.  U.  S.  Geol.  Survey  no.  255,  70  pp. 

Considers  the  relation  of  ores  to  underground  waters  (p.  42)  and  notes 
the  presence  of  water  channels  in  the  ore  bodies  (p.  47).  The  conditions 
of  ore  deposition  in  relation  to  underground  waters  are  also  discussed 
(pp.  57,  62,  66). 

14  — —  Principal  American  fluorspar  deposits. 

Mln.  Magazine,  vol.  12,  pp.  115-119,  1  flg. 

Kentucky-Illinois  deposits  believed  to  have  been  formed  by  heated  waters 
more  or  less  directly  connected  with  igneous  Intrusions. 

15  The  progress  of  economic  geology  in  1905. 

Mln.  Magazine,  vol.  12,  pp.  465-473,  2  figs. 

A  brief  summary  of  recent  works  on  the  agency  of  meteoric  and  magmatic 
waters  In  ore  genesis  is  given  (pp.  468-409). 

10  Barber  (Emmet).     Pumping  water  by  compressed  air. 

Irrigation  Age,  vol.  21,  pp.  9-10,  4  Ok's. 

Describes  the  use  of  compressed  air  In  pumping  water  from  an  artesian 
well  865  feet  deep  at  Waukena,  Cal.  A  natural  flow  of  600  gallons  per 
minute  was  Increased  to  2,400  gallons  per  minute  by  the  use  of  compressed 
air. 
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'  Barbour  (F.  A.).    The  sewage-disposal  works  at  Saratoga,  N.  Y. 
Joar.  Assoc.  Eng.  Soc,  vol.  34,  pp.  33-59,  28  figs. 

Qives  depth  of  water  table  as  16  feet  below  the  surface  at  the  Alter  beds 
and  states  that  most  of  the  filtrate  runs  off  through  the  ground  without 
appreciably  raising  the  water  table  (p.  50). 

Bayley  (W.  S.).    Maine. 

Water-Sup.  and  Irr.  Papers  no.  114,  U.  S.  Qeol.  Survey,  pp.  41-56,  1  fig. 
Mentions  conditions  necessary  for  wells  (p.  42).  Describes  city  supply  of 
Castine  derived  from  driven  wells  (pp.  43,  46-47).  Describes  distribution 
of  dug,  drilled,  driven,  and  bored  wells,  and  gives  map  of  flowing  and 
nearly  flowing  wells  (pp.  47-49).  Gives  table  of  27  communities  obtaining 
public  supply  from  springs  (p.  46).  Describes  distribution  of  ordinary  and 
commercial  springs  (pp.  48-50),  and  gives  table  of  47  commercial  springs, 
with  their  yields,  temperatures,  and  analyses  (pp.  51-56). 

Seaumont  Journal.     Some  Texas  canals  and  wells. 
Irrigation  Aid,  vol.  1,  no.  6,  p.  9. 
Gives  a  list  of  canals  supplied  by  well  water  and  used  for  Irrigation. 

)  Bennett  (Frank)  and  Ely  (Charles  W.).  Soil  survey  of  Marshall  County, 
Ind. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp.  689- 
706.  1  map,  1  fig. 

Mentions  occurrence  of  springs  and  flowing  artesian  wells  in  the  drift 
(p.  693). 

-1 and    Ghriflto    (A.    M.).     Soil    survey   of   the   Orangeburg   area,    South 

Carolina. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  8.  Etept.  Agr.,  pp.  185- 
205,  1  map.  1  fig. 

Mentions  depth  to  water  in  various  sections,  and  in  artesian  wells  at 
Bowman  and  Branch vi lie  (p.  188). 

22  Bigelow  (Henry  B.).  The  shoal-water  deposits  of  the  Bermuda  Banks: 
Contributions  from  the  Bermuda  Biological  Station  for  Research, 
No.  5. 

Proc.  Am.  Acad.  Arts  and  Sci.,  vol.  40,  pp.  557-592,  4  maps. 

The  limestones  of  which  the  Islands  consist  were  consolidated  from  wind- 
blown sand  by  the  action  of  percolating  waters.  Short  descriptions  of  the 
caves,  sinks,  and  subterranean  channels  in  these  limestones  are  given. 

3  Bigelow  (W.  D.).     Foods  and  food  control,  revised  to  July  1,  1905. 

Bull.  Bureau  of  Chem.,  U.  S.  Dept.  Agr.,  no.  69  (revised),  pts.  1  and  2, 
1905,  200  pp. 

States  the  laws  of  Connecticut  (p.  96)  and  Indiana  (p.  179)  regarding 
pollution  of  spring  and  well  water. 

i  Bingelmann  (M.).     Ground  water. 

Jour.  Agr.  l*rat.,  new  ser.,  vol.  8,  pp.  739-741,  5  figs.;  pp.  771-773,  7 
figs.     Abstract  :   Exp.  Sta.  Record,  vol.  17,  no.  2,  p.  118. 

Discusses  briefly  the  conditions  which  influence  the  percolation  and  level 
of  ground  water  and  the  formation  of  springs. 

>  Blanchard  (C.  J.).     The  to-niorrow  of  Nevada. 

IrrlRation.  vol.  'A,  no.  4,  pp.  5-6,  3  figs. 

MentioiiH  the  sinking  of  the  mountain  streams  into  the  sands  of  the 
desert  and  notes  the  availability  of  the  underflow  of  streams  and  artesian 
water  for  the  irrigation  of  the  arid  lands.  A 
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26  Blanchard  (C.  J.).     Reclamation  work  in  southern  California. 

Sd.  Am.,  vol.  92,  pp.  499. 

A  general  description  of  the  underground  water  resources  of  the  area  Is 
given.  Notes  the  use  of  seepage  water,  artesian- well  water,  and  water 
from  tunnels  in  the  mountains  In  Irrigation.  Describes  artesian  conditions 
In  the  valleys  and  plains.  Notes  decline  of  water  level  due  to  immense 
drain  on  the  underground  waters  for  irrigation  and  other  purposes,  and 
mentions  the  work  of  the  United  States  Geological  Survey  in  making 
observations  on  the  fluctuations  of  ground-water  levels  In  the  area. 

27  Blatchley  (W.  S.)*    The  clays  and  clay  industries  of  Indiana. 

Twenty-ninth  Ann.  Rept.  Indiana  Dept.  Geo!,  and  Nat.  Res.,  pp.  13-657, 
32  pis.,  10  flgs. 

Discusses  origin  of  kaolin  through  agency  of  percolating  water  (pp.  5G- 
57)  ;  gives  records  of  many  bore  holes  and  wells,  some  flowing  (pp.  102- 
501),  and  chemical  analyses  of  spring  and  well  water  (pp.  185,  193.  349). 

28  The  petroleum  industry  In  Indiana  In  1904. 

Twenty-ninth  Ann.  Rept.  Indiana  Dept.  Geol.  and  Nat.  Res.,  pp.  781-799. 
Gives  several  brief  records  of  oil  wells  (pp.  782-787). 

29  Boltwood  (Bertram  B.).     On  tlie  radio-active  properties  of  the  waters  of  the 

springs  on  the  Hot  Springs  Reservation,  Hot  Springs,  Ark. 

Am.  Jour.  Scl.,  4th  ser.,  vol.  20,  pp.  128-132. 

Samples  of  water  from  44  of  the  springs  were  examined  for  radio-active 
gases  and  solids.  The  tufa  of  some  of  the  springs  was  also  examined. 
Describes  the  results  obtained,  gives  the  location,  total  flow,  temperatures, 
and  total  solids  In  the  springs,  and  states  that  no  connection  can  be 
established  between  these  properties  and  the  radio-active  properties. 

30  Booth  (W.  IL).     Air-lift  pumps. 

Compressed  Air,  vol.  10,  pp.  3403-3407,  3  figs.  Also  In  Electrical 
Review  (Bng.). 

Mentions  the  existence  of  many  artesian  wells  In  the  vicinity  of  Ix>ndon 
the  water  of  which  Is  used  in  the  raising  of  water  cress.  The  temperature 
of  the  water  Is  given  as  51".  Many  of  the  wells  do  not  flow  now  because 
of  excessive  use  of  the  underground  waters  by  waterworks. 

31  Booth  (William  M.).     Boiler  waters  and  their  treatment 

Chemical  Engineer,  vol.  1,  pp.  279-287. 

Notes  the  occurrence  of  sulphuric  acid  In  the  waters  of  coal  mines  (p. 
282);  states  that '  the  ground  waters  of  central  New  York  are  high  In 
chlorides  (p.  285). 

32  Boutwell  (John  Mason).     Genesis  of  the  ore  deposits  at  Bingham,  Utah. 

Bimonthly  Bull.  Am.  Inst.  Mln.  Eng.,  pp.  1153-1192,  13  figs. 

Notes  a  few  good  springs,  but  states  that  the  main  sources  of  supply  are 
subterranean  courses  tapped  by  underground  workings  (p.  1155)  ;  the 
agency  of  mineralized  underground  waters  In  the  formation  of  the  deposits 
is  discussed  in  detail. 

33  Ore  deposits  of  Bingham,  Utah. 

Eng.  and  Min.  Jour,  vol.  79.  pp.  1176-1178,  3  figs. 

Discusses  the  agency  of  underground  waters  in  the  genesis  of  these 
depoHlts. 

34  Oil  and  asphalt  prospects  in  the  Salt  Lake  basin,  Utah. 

Bull.  U.  8.  Geol.  Survey  no.  200,  pp.  4<JS-470. 

Among  subjects  considered  are  mound  springs  emitting  gas  (p.  171),  blows 
of  gas  and  water  from  wells  (p.  472).  pitch  springs  (p.  474),  salt  water  in 
wells  (p.  477),  thermal  wells  (p.  477),  artesian  waters  (p.  478),  and  well 
records  (pp.  471-472). 
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35  Boutwell  (John  Mason).    EcododiIc  geology  of  the  Bingham  mining  district, 

Utah. 

Prof.  Paper  U.  S.  Geol.  Survey  no.  38,  pp.  71-385,  34  pis.,  10  figs. 

DiscusseiB  physical  and  chemical  characters  of  heated  ore-bearing  solu- 
tions (p.  176)  and  present  mine  waters  (pp.  213-214).  and  summarises  the 
process  of  deposition  (pp.  183,  210,  229).  Discusses  the  relation  of  fis- 
sures to  passage  of  mineral-laden  solutions  (pp.  109-201)  and  relation  of 
water  level  to  depth  of  superficial  alteration  (pp.  217-218,  225).  Explains 
interference  of  ground  water  with  placer  working  (pp.  377-378). 

36  Bowie  (Aug.  J.,  jr.).     Irrigation  In  southern  Texas. 

Bull.  Office  Exp.  Sta.,  U.  S.  Dept.  Agr.,  no.  158,  pp.  347-507,  2  pis.,  18 
figs. 

Descrities  briefly  the  water-bearing  strata  (pp.  354-355)  and  artesian  dis- 
tricts (pp.  355-356)  and  a  number  of  springs  used  for  irrigation  (pp. 
356-357).  Describes  hydrauIic-rlg  method  of  boring  wells  (pp.  357-358), 
strainers  used  in  wells  (pp.  358-362),  and  cost  of  well  boring  (pp.  362- 
364).  Describes  numerous  flowing  and  nonflowing  wells  and  springs  used 
for  irrigation,  and  methods  und  cost  of  pumping  the  nonflowing  wells  (pp. 
378-474).  Gives  well  records  (pp.  381,  388,  394,  403,  459).  Compares 
cost  of  artesian-well  and  pumped-well  irrigation  (pp.  488-490).  Gives  lists 
of  flowing  artesian  wells  (pp.  502-504)  and  pumped  wells  (pp.  505-506)  in 
southern  Texas. 

37  Bowman  (Isaiah).     Disposal  of  oil-well  wastes  at  Marion,  Ind. 

Water-Sup.  and  Irr.  Paper  no.  113.  U.  S.  Geol.  Survey,  1905,  pp.  36-48. 

Gives  well  records  (pp.  38-39,  42).  Describes  the  water-bearing  con- 
ditions of  the  Niagara  limestone  (pp.  41-42),  Hudson  River  limestone  (p. 
42)  and  Trenton  limestone  (pp.  42^3),  and  the  contamination  of  the 
water-bearing  beds  by  oil  and  brine  from  oil  wells  (pp.  43-48). 

38 A  classification  of  rivers  based  on  water  supply. 

Jour.  Geog.,  vol.  4,  pp.  212-220. 

Principally  a  translation  by  Mr.  Bowman  of  a  chapter  in  Woelkofs  "  Dcr 
Klimate  der  Erde."  relating  to  the  periodic  rise  and  fall  of  streams.  Con- 
tains a  short  discussion  of  the  relation  of  ground  water  to  the  flow  of 
streams. 

39  Bownocker  (J.  A.).     Salt  deposits  in  northeastern  Ohio. 

Am.  Geologist,  vol.  35,  pp.  370-376. 

Mentions  the  occurrence  of  salt  springs  (p.  370)  and  gives  a  number  of 
well  records  (pp.  371-376). 

40  Bowron    (William  M.).    The  origin  of  Clinton   red  fossil  ore  in   Lookout 

Mountain.  Alabama. 

Bimonthly  Bull.  Am.  Inst.  Mln.  Kng.,  no.  6.  pp.  1245-1262,  3  figs. 
Discusses  the  agency  of  underground  waters  in  the  formation  of  this  ore. 

41  Branner  (John  Casper).     Stone  reefs  on  the  northeast  coast  of  Brazil. 

Bull.  (Jeol.  Soc.  America,  vol.  16,  pp.  1-12. 

Gives  record  of  ]>orinp  (p.  3)  and  ascribes  cementation  of  the  reefs  to 
deposition  of  calcareous  matter  from  percolating  acid  waters  from  the  land 
at  the  point  where  they  meet  the  salt  waters  of  the  ocean. 

42  Breneman  (A.  A.).     Mineral  waters  at  the  St.  Louis  Exi)08ition. 

Al)8tract :  Science,  new  ser.,  vol.  21,  pp.  819-S20. 

Mentions  several  features  of  the  American  and  foreign  exhibits,  and 
compares  them  with  the  exhibits  at  Chicago  In  1893. 


43  Brittain  (Josepii  L).     Mineral  springs  of  Baden-Baden  (Germany). 
Daily  Consular  Uepts.  no.  2193,  Dept.  Com.  and  Labor,  p.  14. 
Summarizes    the    number,   depth,    composition,   and   temperature   of 
springs  and  their  economic  value  to  Baden  Baden  aft  «i  Yx^aXlYi  t«»n>x\. 
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44  Brooks  (Alfred  Hulse).    Placer  mining  in  Alaska  in  1904^ 

Bull.  U.  S.  Geol.  Survey  no.  259,  pp.  18-31. 

Notes  trouble  in  mines  due  to  encountering  water  below  froien  groond 
(pp.  27.  80). 

45  Brown  (R.  Oilman).     Some  pumping  data. 

Eng.  and  Min.  Jour.,  vol.  79,  pp.  947-948. 

Describes  the  unwaterlng  of  the  Brunswlclc  mine.  Grass  Valley,  CaU 
the  flooding  of  which  was  caused  by  the  cutting  of  a  large  flow  of  water  o° 
the  1,250-foot  level. 

46  Brunton  (D.  W.).    Drainage  of  the  Cripple  Creek  district  [Colorado]. 

Eng.  and  Min.  Jour.,  vol.  80.  pp.  818-821,  5  figs. 

Gives  a  deflnltion  of  "  ground  water  ;*'  describes  the  permeability  of  tt^^ 
rocks,  the  amount  of  water  removed  to  lower  the  water  level  1  foot,  t'^^ 
history  of  the  previous  tunnels,  efficiency  of  tunnel  drainage,  depth  ^^ 
which  tunnel  should  be  driven,  comparison  of  tunnel  sites,  etc 

47  Brush  (Harlan  W.).     Simplon  tunnel. 

Dally  Consular  Repts.  no.  2274,  Dept.  Com.  and  Labor,  pp.  4-6. 

Mentions  hot  springs  -of  great  volume  encountered  during  work  on  th^^ 
Slmplon  tunnel  In  Italy  and  Switzerland  and  consequent  danger  to  opera — " 
tlons  (p.  5). 

48  Buckley  (Ernest  Robertson).     Biennial  rei)ort  of  the  State  geologist  trans- 

mitted by  the  board  of  managers  of  the  Bureau  of  Geology  and 
Mines  to  the  Forty-third  General  Assembly. 

Jefferson  City,  Mo.,  50  pp.,  1  map. 

Summarizes  the  data  obtained  by  the  bureau  relating  to  mineral  springs 
(p.  48). 

49  Burchard  (Ernest  F.).     Iron  ores  in  the  Brooliwood  quadrangle.  Alabama. 

Bull.  r.  S.  Geol.  Survey  no.  260.  pp.  321-334. 

Gives  well  record  and  describes  sprlnj;  (p.  327)  and  considers  the  possi- 
ble action  of  water  in  ore  formation  (pp.  333-334). 

49a  Burdick  (C.  B.),  Maury   (Dalmey  H.),  Henderson   (C.  R.)  and.     Report 

of  the  t'onmiittee  on  waterwork.s. 

Twentieth  Ann.  Kept.  Illinois  See.  Eng.  and  Surv.,  pp.  132-139. 
See  Maury  (Dabney  H.),  Burdick  (C.  B.),  and  Henderson  (C.  B,). 

C. 

50  Caine   (Thomas  A.)  and  Lyman  (\V.  S.).     Soil  survey  of  the  San  Antonio 

area,  Te.xas. 

Field  Operations  of  the  Bureau  ot  Soils.  1004,  U.  S.  Dept.  Agr.,  pp.  447- 
473,  1  map,  1  fig. 

DIkcuskos  Irrigation  and  city  water  supply  from  artesian  well«  and 
springs,  and  the  effect  of  the  wells  on  the  flow  of  the  springs  (pp.  467-468). 

51  Calkins    (Frank   C).     Geology  and   water  rosoiirces  of  a   portion  of  east- 

ventral  Washington. 

Water-Sup.  and  Irr.  Paper  no.  118.  V.  S.  Geol.  Survey,  96  pp. 

Discusses  the  topography  and  geology  of  the  region  In  detail  and  descrlhes 
the  springs  from  alluvium,  basalts,  etc..  where  cut  by  canyons,  and  from 
fissures.  One  thermal  spring  is  noted.  The  artesian  conditions  are  con- 
sidered by  districts  and  the  wells  described.  The  deep  waters  are  from  the 
Ellensburg  beds  and  the  basalts  and  tuffs.  The  cost  of  drilling,  the  meth- 
ods of  testing  and  casing,  artesian  requisites,  etc..  are  also  discussed.  Pre- 
dictions as  to  supplies  are  given  and  the  use  of  tunnels  for  the  collection 
of  surface  supplies  suggested. 
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uneron  (F.  K.).    The  water  of  Utah  Lake. 

Joar.  Am.  Chem.  Soc.  vol.  27,  pp.  113-116. 

Describes  the  occurrence  of  numerous  hot  and  cold  spring  in  the  bed  of 
the  lake  which  supply  the  greater  part  of  the  lake  water.  Gives  several 
analyses  of  the  lake  water  taken  in  the  vicinity  of  some  of  the  larger 
springs. 

imfteld  (R.  B.).     [Water  problems  of  Santa  Barbara,  Cal.] 

Water-Sup.  and  Irr.  I'aper  no.  116,  U.  S.  Geol.  Survey,  pp.  21-22  (reprint 
of  portion  of  private  report  made  in  1896). 

Notes  use  of  collecting  tunnel  and  describes  unsuccessful  efforts  to  obtain 
large  supplies  from  boring. 

arr  (M.  E.),  Heam  (W.  Eklward)  and.  Soil  survey  of  the  Biloxi  area, 
Mississippi. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp.  353- 
374,  1  map,  1  fig. 
See  Hearn  (W.  Edward)  and  Carr  (M.  E.). 

ftthexinet  (Jales).    Copper  Mountain,  British  Columbia. 
Eng.  and  Min.  Jour.,  vol.  79,  pp.  125-127,  6  flgs. 

Discusses  the  agency  of  underground  waters  In  the  formation  of  the  cop- 
per  deposits  of  this  mountain. 

Iialon  (Paul  F.).     The  genesis  of  metalliferous  deposits  and  eruptive  rocks. 

Min.  Magazine,  vol.  12,  pp.  507-510. 

This  article  is  an  abstract  of  a  memoir  presented  before  the  recent  Inter- 
national Congress  of  Mining,  Metallurgy,  etc.,  at  Liege.  Discusses  the 
depth  to  which  waters  can  penetrate,  the  alteration  of  the  rocks  by  this 
water,  its  agency  in  aqueo-lgneous  fusion,  and  the  formation  of  ore 
deposits  and  eruptive  rocks. 

ihandler  (A^  E.),  Hinderlider  (M.  C),  Swendsen  (G.  L.)  and.  Report 
of  progress  of  stream  measurements  for  the  calendar  year  1904. 
Part  X,  Colorado  River  and  the  Great  Basin  drainage. 

Water-Sup.  and  Irr.  Paper  no.  133,  U.  S.  Geol.  Survey,  384  pp. 

See  Hinderlider  (M.  C),  Swendsen  (G.  L.),  and  Chandler  (A.  E.). 

lapp  (Frederick  Gardner).  Water  resources  of  the  Curwensvllle,  Patton, 
El)ensburg,  and  Barnesboro  quadrangles,  Pennsylvania. 

Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol.  Survey,  pp.  159-163. 

Describes  the  iron,  alum,  and  magnesia  springs  at  Cresson,  and  gives 
analyses.  Notes  the  abundance  of  good  springs  and  describes  several  town 
supplies  obtained  from  springs.  Describes  well  waters  used  for  public,  pri- 
vate, and  factory  supplies.  Notes  one  flowing  artesian  well  and  discusses 
the  probability  of  obtaining  further  artesian  supplies  in  the  area. 

leland  (Herdman  F.)     The  formation  of  natural  bridges. 

Am.  Jour.  Sri..  4th  8er..  vol.  20,  pp.  119-124.  3  figs. 

Suggests  the  followlDg  theory  to  account  for  the  origin  of  the  natural 
bridges  at  North  Adams,  Mass..  I^exlngton,  Vs.,  Chattanooga,  Tenn.,  In  Utah, 
and  in  the  Yellowstone  National  Park :  "  Before  the  formation  of  the  bridge 
the  stream  which  now  flow.s  under  then  flowed  upon  the  surface  of  what  is  • 
now  the  arch  and  probably  plunged  over  a  fall  a  short  distance  below  the 
present  site  of  the  bridge.  A  portion  of  the  water  percolating  through  a 
Joint  plane  or  crack  upstream  discharged  Into  the  stream  under  the  fall  and 
gradually  eulargt»d  its  passage  by  Its  solvent  power.  In  the  course  of  time 
this  passage  lx»came  sufflclently  large  to  contain  all  of  the  water  of  the 
stream,  and  the  bridge  resulted." 

obiim  (L.  F.).    Yreka  waterworks  system  [ California  1. 

Municipal  Engineering,  vol.  29,  pp.  437-438. 

Notes  the  sinking  of  Yrcka  Creek  In  a  bed  of  gravel  about  2i  miles  above 
Yreka  and  describes  the  building  of  a  submerged  concrete  dam  In  the  gravel 
at  a  narrow  place  In   the  creek.     The  water  thus  collected  furnishes  fttt  « 
abundant  supply  for  the  town  of  Yrel^^  ] 
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61  Cole  (L.  H.).    The  Centre  Star  mine,  Rossland,  B.  C. 

Mio.  and  Sci.  Press,  vol.  00,  p.  117,  1  fig. 

Notes  that  the  water  in  this  mine  is  smaii  in  amount  and  noncorroslTe. 

62  Coleman  (A.  P.).    Geology  of  the  Sudbury  district.     [Ontario.] 

Eng.  and  Min.  Jour.,  vol.  79,  pp.  189-190. 

Criticizes  Hiram  W.  Hizon's  views  of  the  aqueous  origin  of  the  Sudbury 
nickel  ores. 

63  CoUes  (George  Wetmore).    Mica  and  the  mica  industry:    Pt  II,  Geology- 

Jour.  Franklin  Institute,  vol.  160,  pp.  275-294,  11  figs. 

Contains  a  discussion  of  the  agency  of  underground  waters  in  the  fot- 
matlon  of  the  mica  dikes.  Notes  also  the  alteration  of  the  feldspatblc  co^' 
tents  of  the  dikes  by  percolating  waters. 

64  CollinB  (A.  B.),  Wright  (A.  E.)  and.     Irrigation  near  Garden,  Kans.,  190^ 

Bull.  Office  Exp.  Sta..  U.  8.  Dept.  Agr.,  no.  158,  pp.  585-594. 
See  Wright  (A.  E.)  and  Collins  (A.  B.). 

65  Compressed  Air.     [Water  supply  from  wells  at  Los  Angeles,  Gal.] 

Compressed  Air,  vol.  10,  p.  3504. 

A  portion  of  the  city  supply  Is  now  furnished  by  12  wells  from  60  ^^ 
200  feet  deep.    The  water  is  raised  by  compressed  air. 

66 The  Simplon  tunnel. 

Compressed  Air,  vol.  10,  pp.  3713-3717,  7  flgs. 

Contains  a  description  of  the  springs  encountered  in  constructing  tb^ 
Simplon  tunnel  in  Switzerland  and  Italy,  including  location,  temperatures^^ 
and  volume. 

67 The  Simplon  tunnel. 

Compressed  Air,  vol.  10,  pp.  3811-3813,  1  fig. 

Notes  the  encountering  of  hot  springs  Id  the  Simplon  tunnel  in  Switzer- 
land and  Italy  and  gives  the  volume  und  temperature  of  two  of  them. 

68  Cook  (Edward  H.).     La  mina  Santa  Francisca,  Mexico. 

Min.  Magazine,  vol.  11,  pp.  424-420.  5  flgs. 

Notes  the  ImpregnHtion  of  llmeHtone  by  siliceous  solutions  (p.  425)  ; 
gives  an  analysis  of  the  ground  water  from  the  450-foot  level  (p.  429)  ;  and 
discusses  the  agency  of  underground  waters  In  the  formation  of  the  ore 
deposits  (pp.  426-420). 

69  Cooper   (K.  F.).    An  example  of  the  legitimate  use  of  water  for  domestic 

purposes. 

Proc.  Am.  Soc.  Civil  Eng.,  vol.  31.  pp.  475-478. 

Describes  the  water-supply  systems  of  the  Lick  Observatory  on  Mount 
ITamllton,  California.  The  water  for  the  domestic  system  Is  furnished  by 
springs  on  the  mountain  side. 

70  Cooper  (W.  F.).     Water  supply  of  the  Lower  Peninsula  of  Michigan. 

Ann.  Rept.  Michigan  Geoi.  Survey  for  1003,  pp.  47-109,  2  maps. 

Describes  the  artesian-well  areas,  giving  detailed  descriptions,  well  rec- 
ords, and  analyses,  and  states  use  for  public  and  private  supply ;  describes 
springs. 

70a  Corstophine  (George  S.),  Hatch   (Fretlerick  11.)   and.     The  origin  of  the 
Wltwatersrand  gold.     [Transvaal. J 
Eng.  and  Min.  Jour.,  vol.  79,  pp.  80-81. 
See  Hatch  (Frederick  H.)  and  Corstophine  (George  S.). 

71  Corthell  (E.  L.).     Discussion  of  paper  entitled,  "The  reclamation  of  river 

deltas  and  salt  marshes,"  by  F.  LeBaron. 

Trans.  Am.  Soc.  Civil  Eng.,  vol.  54,  pp.  83-87. 

Gives  records  of  several  artesian  well9  in  the  vicinity  of  New  Orleans, 
La. 
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SourtiB  (W.  M.)-    Potassium  salts. 

Mineral  Resources  U.  S.  for  1004,  U.  S.  Oeoi.  Survey,  16  pp. 

Contains  a  list  of  saline  springs  in  the  United  States  and  partial  analy- 
ses of  the  spring  water  showing  potassium,  sodium,  and  magnesium.  States 
that  "  along  the  line  of  the  fault  on  the  rim  of  the  Bighorn  Basin,  Wyom- 
ing, the  waters  are  rich  In  potassium  salts,  running  from  5  to  11  per  cent 
of  the  total  residue." 

CJox  (W.  G.).    Artesian- water  supply. 

Agr.  Gaz.  N.  S.  Wales,  vol.  16,  pp.  253-257,  flg.  1.  Abstract:  Exp.  Sta. 
Record,  vol.  17,  no.  2,  p.  193. 

Discusses  the  theoretical  and  practical  use  of  artesian  wells  for  water 
power  In  New  South  Wales  and  Queensland. 

Crane  (W.  R.).    The  Quapaw  zinc  district  [Indian  Territory]. 
Eng.  and  Mln.  Jour.,  vol.  80,  pp.  488-400,  3  figs. 

Contains  a  short  discussion  of  the  agency  of  underground  waters  In  the 
formation  of  the  deposits. 

Coal  mining  in  Arkansas. 

Eng.  and  Mln.  Jour.,  vol  80,  pp.  774-777,  3  figs. 

The  mines  are  usually  wet  and  the  water  Is  often  acid,  but  good  water 
for  boilers  Is  usually  available  (p.  776). 

Cravetti  (A.  L.).  Water  and  irrigation  in  the  province  of  San  Luis,  Argen- 
tine Republic. 

An.  Mln.  Agr.  Argentina.  Sec.  Agr.  (Agron),  vol.  1,  no.  5,  pp.  86-119,  6 
flgs.     Abstract:     Exp.  Sta.  Record,  vol.  16.  p.  1136. 

Summarizes  Information  regarding  subterranean  waters  and  their  use  for 
Irrigation,  etc. 

Crider  (A.  F.).     Cement  resources  of  northeast  Mississippi. 
Bull.  U.  8.  Geol.  Survey  no.  260,  pp.  510-521. 

Gives  well  sections  (pp.  511,  516-517)  and  describes  artesian  flows  (p. 
517). 

Crosby  (William  Otis).  The  limestone-granite  contact  deposits  of  Wash- 
ington Camp,  Arizona. 

Bimonthly  Bull.  Am.  Inst.  Mln.  Eng.,  no.  6,  pp.  1216-1238. 

Contains  a  discussion  of  magmatlc  water  in  genei%l  and  the  Improbability 
of  its  assistance  In  the  development  of  the  garnet  contact  sone  at  Washing- 
ton Camp  (pp.  1229-1232)  ;  suggests  the  concentration  of  metallic  con- 
tents of  the  limestone  by  the  circulation  of  the  normal  ground  water  stimu- 
lated by  intense  and  long-continued  igneous  and  metamorphic  agencies  (p. 
1234)  :  ascribes  the  occurrence  of  native  arsenic  at  this  place  to  thermal 
waters  rising  along  a  fault  line  (p.  1237). 

Massachusetts  and  Rhode  Island. 

Water-Sup.  and  Irr.  Taper  no.  114,  V.  S.  Geol.  Survey,  pp.  68-75. 

Describes  briefly  the  occurrence  of  water  and  posslbliltles  of  artesian  sup- 
ply in  (Cambrian  quart zite  in  the  Berkshire  Valley,  In  Triasslc  strata  of  the 
Connecticut  Valley,  in  Igneous  and  metamorphic  rocks  of  the  highlands,  and 
In  drift  deposits  (pp.  70-73),  Enumerates  the  principal  mineral  springs  in 
the  two  States   (pp.  73-75).     Gives  list  of  publications   (p.  75). 

Water  sui)i)ly  from  the  delta  tyi)e  of  sand  plain. 

Water-Sup.  and  Irr.  l»aper  no.  145,  I'.  8.  (jJeoI.  Survey,  pp.  161-178. 

In  connection  with  the  location  of  dikes  for  the  Metropolitan  reservoir  at 
Clinton.  Mass.,  many  hundred  borings  were  made  in  the  sand  plains.  The 
paper  describes  the  evldonre  presented  by  these  borings  as  to  the  water 
table,  the  artesian  waters,  the  deposition  of  Iron,  the  oxidation  of  the  drift 
at  considerable  depths,  and  the  phenomena  of  "  lost  water,"  or  that  taken 
up  from  the  well  by  unsaturated  beds. 
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81  Culbertson  (Harvey).     Irrigation  investigations  in  western  Tojcas. 

Bull.  Office  Exp.  Sta.,  U.  S.  Dept.  Agr.,  no.  158,  pp.  319-340.  4  figs. 

Describes  wells  (some  flowing  artesian)  (pp.  821,  823-325),  and  springs 
(pp.  323,  327-328)  used  for  irrigation.  Describes  use  of  windmills  for 
pumping  water  from  wells  (pp.  338-339). 

82  Gushing  (H.  P.).     (Jeolopy  of  tlie  vicinity  of  Little  Falls,  Herkimer  C!ounty 

[New  York  J. 
Bull.  N.  Y.  State  Mus.  no.  77,  95  pp.,  15  pis.,  14  flgs.,  1  map. 
Interprets  geology  on  the  basis  of  cbum-drllled  wells  (pp.  53-56).  { 

D. 

S3  Dale    (T.   Nelson).     Water  resourws  of  the  Fort  Tlconderoga  qnadranf?^^' 
Vermont  and  New  York. 
Water-Sup.  and  Irr.  Paper  no.  110.  U.  S.  Geol.  Survey,  pp.  126-129. 
Mentions  the  abundance  of  good  springs,  and  refers  to  a  well  known     *** 
••  the  frozen  well  "  on  account  of  Its  extremely  low  temperature  (p.  127 >  - 

84  Darlington  (E.  B.).     Irrigation  investigations,  upper  Snake  River,  Idalio^ 

Irrigation  Age,  vol.  20.  pp.  204-207,  1  flg. 

Notes  large  loss  from  Irrigation  canals  by  seepage  and  the  reappearaf^  ^ 
of  this  water  in  springs  and  creeks.  Abundance  of  water  can  be  obtali^,^' 
from  shallow  wells  near  Uexburg  (p.  206>. 

fCi  Darton  (Nelson  Horatio).     Zuni  salt*deiM)sits,  New  Mexico. 
Hull.  r.  S.  (ieol.  Survey  no.  2«0.  pp.  505-566. 
A8rri])es  the  supply  of  the  salt  lake  to  springs  from  the  Red  Beds. 

S<5 l)os<'ription  of  the  Sundance  (|uadrangle  [  Wyoming- Soutli  Dakota]. 

<}p)logic  Atlas  V.  S.,  folio  127,  V.  S.  (Ieol.  Survey,  12  pp.,  5  maps,  1  co --— 
sect.,  1  illus.  sheet.  I^  figs. 

Discusses  the  water-bearing  conditions  of  the  Dakota  and  Lakota  sandT*^ 
stones.  Paihasjipa  limestone.  Deadwood  sandstone.  Mlnnelusa  formation,  \\x\C^ 
Mlnnekahta  Ilniestoiu'.  and  descriln's  the  relations  of  these  beds  to  th^ 
oceiirr(>n«-e  of  well  jind  spring  water  (p.  12).  Gives  analysis  of  well  water^^ 
(J).  I2K  Shows  the  .uteslan-water  conditions  by  means  of  a  special  col- 
ored niMp. 

ST  rrcliiiiiiiary  report  <ui  the  ^ooio^y  niid  iiii<lergi*ound  water  resources  of 

the  ceiiti'al  (Jroat  riaiiis. 

I'rof.   P.I  per  V .  S.  (Jeol.  Survey  n(».  .".2.  V.\\\  pp..  72  pis..  18  flgs. 

l)escrilK»s  the  various  water  horizons  and  discusses  in  detail  the  artesian 
wells  and  artesi:in  conditions  in  South  Dakota,  Nebraska,  Kansas,  eastern 
C'olorjulo.  and  eastern  Wyoming,  giving  numerous  records.  Describes  salt 
sprinp*  and  wells   (pp.  ;iS9-,'{92).  ' 

RS DclMWMI'C. 

Water-Sup.  and   Irr.  Paper  no.  114.  W  S.  (Ieol.  Survey,  pp.  111-113. 

I'Inumerates  various  water  horizons  In  Cretaceous  and  Tertiary  strata. 
uives  a  partial  list  of  dec»p  wells,  and  states  future  prospects  for  wells. 
Notes  the  princip:il  publications. 

SJ) rfcliniinary  list  of  <leep  Ijorin^s  in  the  T^nittHl  States,  second  edition, 

witli  additions. 

Water-Sup.  and  Irr.  Paper  no.  140,  I'.  S.  (Ieol.  Survey,  175  pp. 
Contains  lists  of  deep  wells  reported  to  the  Survey  or  described  In  sclen- 
tltic  publications.  They  are  classified  by  States,  counties,  and  towns,  the 
depths,  diameter,  yield,  height  of  water,  temperature,  and  other  miscella- 
neous data  being  presented  in  tables  for  each  State  and  references  being 
given  to  published  records.  Bibliographies  of  publications  relating  to  deep 
borings  are  also  Included. 
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90  Darton  (Nelson  Horatio).    The  Zuni  salt  lake  [Arizona]. 

Jour.  Geo!.,  vol.  13.  pp.  185-193. 

Quotes  C.  L.  Herrick  on  suppossed  derivation  of  salt  from  solution  of 
salt  in  underlying  strata  (pp.  185-186).  The  salt  is  brought  up  by  springs 
(pp.  187,  193).  Suggests  solution  of  salt  beds  by  hot  volcanic  solutions  as 
cause  of  sinking,  producing  the  crater  (pp.  190,  192). 

91 and'Fuller  (Myron  Leslie).     Maryland. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  8.  (Jeol.  Survey,  pp.  114-123,  2  pis. 
Describes  the  distribution  of  springs  and  gives  a  list  of  those  of  com- 
mercial value  (p.  115).  Describes  the  distribution  of  ,wells  In  the 
Allegheny  Plateau,  the  Appalachian  Mountains.  Piedmont  Plateau,  and 
Coastal  Plain,  and  tabulates  well  statistics  (pp.  116-118).  Describes  water 
horizons  in  the  Coastal  Plain  formations  (pp.  118-120),  and  discusses 
as±*-_-|  more  fully  the  water  horizons  and  well  prospects  of  the  Baltimore  district 

(pp.  121-123).     Lists  the  principal  publications. 

92 and  Fuller  (Myron  Leslie).     District  of  ('olunibia. 

Water-Sup.  and  Irr.  Pai)er  no.  114,  TT.  s.  (Jeol.  Survey,  pp.  124-126,  1  pi. 

Describes  occurrence  of  water  in  the  crystalline  rocks  and  In  the  Potomac 
formation.  Notes  several  mineral  springs,  and  several  publications  on  the 
underground  water  of  the  District. 

^  ■ and  Fuller  (Myron  Leslie).     Virginia. 

Water-Sup.  and  Irr.  Paper  no.  114.  U.  S.  Geol.  Survey,  pp.  127-135,  1  pi. 

Describes  various  water  horizons  in  the  Cretaceous  and  Tertiary  forma- 
tions and  gives  sections  (pp.  128-129).  Gives  table  of  deep  wells  and  sta- 
tistics (pp.  130-1311.  Describes  underground  water  conditions  in  the 
Piedmont  Plateau.  Appalachian  Mountain  belt,  and  Cumberland  Plateau 
(pp.  132-133).  Lists  the  commercial  springs  (pp.  133-134)  and  publica 
tions  on  underground  waters  of  the  State  (pp.  134-135). 

^ and  O'Harra  (C.  (\).  Description  of  the  Aladdin  quadrangle  [Wyom- 
ing-South Dakota-Montana] . 

Geologic  Atlas  U.  S.,  folio  128.  V.  S.  (ieol.  Survey,  8  pp.,  4  maps.  1 
col.  sect..  1  fig. 

Describes  the  water-l>earlng  formations,  including  the  Dakota-Lakota 
sandstone.  Minnelusa  formation,  Pahasapa  limestone,  and  Deadwocd  sand- 
stone (p.  8),  and  notes  the  conditions  relative  to  wells.  The  artesian- 
water  conditions  are  shown  by  a  special  colored  map. 

95  David  (T.  W.  E.),  Pittman  (K.  F.)  and.  Irrigation  geologically  considered 
with  si)ecial  reference  t(»  the  artesian  area  of  New  South  Wales. 

Jour,  and  Proc.  Roy.  Soc.  N.  S.  Wales,  Eng.  sect.,  vol.  37,  pp.  ciil-clill, 

2  pis.     Abstract  :   Exp.  Sta.  Record,  vol.  17,  no.  2,  p.  193. 
See  Pittman  (E.  F.)  and  David  (T.  W.  E.). 

96  Davis  (F.  S.).     An  undev€»l(>i)ed  country-. 
Mln.  and  Scl.  Press,  vol.  00.  pp.  204-2().^».  4  tigs. 
Describes  a  spring  in  Lower  California. 

!*7  Davis  (William  Morris).     "A  journey  across  Turkestan." 

Explorations  in  Turkestan,  with  an  account  of  the  basin  of  eastern  Persia 

and  Slstan. 

Carnegie  Institution  of  Washington,  pp.  23-119.  67  figs. 

Springs  furnish  a  portion  of  the  water  supply  of  Baku  (p.  29)  ;  a  boring 

2,000  feet  deep  at  Askhabad  failed  to  find  water  (p.  44).     Notices  a  large 

spring    in    Flruza    basin    used    for    irrigation    (p.    48).     Notes    seepage    of 

water  from  terrace  gravels  into  river  (p.  103). 

98 The  Wasatch.  Canyon,  and  House  ranges,  Utah. 

Bull.  Mus.  Comp.  Zool..  Harvard  Coll.,  Geological  Series,  vol.  8,  pp.  15-56, 

3  pis. 
Describes  a  flowing  well  at  Deseret  (p.  35).     Notes  the  obtaining  of  good 

water  at  Antelope  and   Indian   Springs    (p.   36).      Mentions   the  ocurrence 
of  springs  in  the  House  Range  (p.  40). 
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99  Davis  (William  Morris).     The  geograplileiil  cycle  In  an  arid  climate. 

Jour.  Geol.,  vol.  13.  pp.  381-407. 

Mentions  ground-water  conditions  in  arid  regions  (p.  382)  and  conKiden* 
underdrainage  of  deserts  by  sandstone  In  its  possible  relation  to  wiod 
erosion  (p.  392). 

100  Day  (David  T.).     Summary  of  the  mineral  production  of  the  United  States 

in  1004. 

Mineral  Resources  U.  S.  for  1904.  U.  S.  Geol.  Survey,  pp.  9-:{6. 
(lives  the  production  and  value  of  mineral  waters  In  the  United  Stated 
•for  1904    (p.  21)  ;  comparison  of  the  production  and  value  for  19(W  a^^ 
1904  (pp.  22-23)  ;  production  and  value  of  mineral  waters  each  year  fr^*"^ 
1880  to  1904   (pp.  24-3rt). 

101  de  Laval  (Carl  George  1*.).     Pumping  on  the  Comstock.     [Nevada.] 

Eng.  and  MIn.  Jour.,  vol.  79,  pp.  516-518.  7  flgs. 

Describes  the  encountering  of  water  In  the  various  mines  on  the  lode  a  Tf^^ 
the  quantity,  temperature,  etc.,  thereof.  ^ 

102  Pumping  the  Comstock  lode  mines.     [Nevada.] 

Eng.  Rec.  vol.  51.  pp.  360-3«l,  1  fig. 

Describes  the  occurrences  of  hot  water  in  these  mines  and  the  pumpli^^ 
machinery  being  used  in  the  unwaterlng  of  the  lode. 

103  Pumping  the  C<mistock  lode  mines.     [Nevada.] 

Mines  and  Minerals,  vol.  20.  pp.  7S-79,  2  flgs. 

Describes  the  encountering  of  hot  water  In  the  mines  on  this  lode. 

104  Pumping  the  Comstock  lode  mines.     [Nevada.! 

Sd.  Am.  Supp.,  vol.  59,  pp.  24484-24480.  9  flgs. 

Describes  the  encountering  of  hot  water  in  the  mines  on  this  lode. 

105  Douglass  (Earl).     Source  of  the  placer  gold  in  Alder  Gulch,  Montana. 

Mines  and  Minerals,  vol.  25,  pp.  353-:i55.  .'>  flgs. 

Notes  the  poKsihle  ar^^ncy  of  lioaliHl  underuroiind  waters  In  the  deposition 
of  tlie  gold  occurring  In  the  gravels. 

lor>a  Drake  (.1.  A.),  Mangum  (A.  W.)  and.  Soil  survey  of  the  Uus.s<'ll  area, 
Kansas. 

Field  Operations  of  the  Hiireau  of  Soils.  11M».'1,  \' .  S.  iH'pt.  Agr.,  pp.  911- 
926.  1  flg..  1  map. 

See  Manguni  (A.  W.  >  and  Drake  (.1.  A.». 

lot)  Draper  (M.  D. ).     The  (ioldtlcld  (listri<t,  .Xevjula. 

MIn.  and  Sci.   Press,  vol.  JM).  pp.   15o-1.-)L».   lo  tigs. 

Contains  a  discussion  of  the  agency  of  solfataric  waters  in  the  formation 
of  the  deposits. 

107  Dravo  (F.  K. ).     Concrete  lining  I'or  mine  sluifts. 

I'roc.  EuK.  Soc.  West.  I'a..  vol.  21.  pp.  .".19  :i:m»,  2  tigs. 

Discuss<'s  the  occurrence  of  sprln;:s.  seepage  water,  etc.,  in  rainep,  with 
especial  reference  to  the  use  of  concrete  for  shaft  lining. 

108  Drummond    ((ioyne).     Keconnaissaiicc    of    proiniscd    <-ede<l    strip    of    Sho- 

shone Indian  Ht»s(»rvation.  Wyoming. 

Irrigation,  vol.  2,  no.  4.  pp.  5  «J. 

Notes  the  sinlclng  of  Meadow  tYeek  into  a  cave  near  the  mouth  of  Little 
Wind  Uiver  Canyon. 

E. 

101)  Eckel  (Edwin  C).     The  Clinton  hematite. 

Eng.  and  Min.  Jour.,  vol.   79,  pp.  «97-S9S.  2  flgs. 

Quotes  ('.  11.  Smyth  as  to  the  agency  of  water  in  tlie  formation  of  the 
iron  ore. 
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no  Eckel  (Edwin  C).     Cement  materials  and  industry  of  the  United  States. 
Bull.  r.  S.  r.eol.  Survey  no.  243,  395  pp.,  15  pis.,  1  flg. 
Discusses  the  percentage  of  water  in  freshly  quarried  limestone,  clay, 
shale,  and  marl  (pp.  44—45). 

111  Limonite  deposits  of  eastern  New  York  and  western  New  England. 

Bull.  U.  S.  Geol.  Survey  no.  260,  pp.  335-342. 

Notes  part  taken  hy  water  in  ore  deposition  (p.  342). 

112  Elliott  (C.  G.).     Report  on  drainage  investigations,  1904. 

Bull.  Office  Exp.  Sta.,  U.  S.  Dept.  Agr.,  no.  158,  pp.  643-743.  4  pis., 
52  figs. 

Discusses  rise  of  ground  water  due  to  irrigation,  and  detection  of  rise 
by  means  of  test  wells  (pp.  645-652).  Notes  porosity  and  cavernous 
nature  of  coral  rock  in  Florida  Everglades,  as  Indicated  by  wells  (p.  716). 

113  Ellis  (Edwin  E.).     Zinc  and  lead  mines  near  Dodgeville,  Wis. 

Bull.  U.  S.  Oeol.  Survey  no.  260,  pp.  311-315. 

Notes  the  relation  of  ore  to  ground-water  level  and  considers  the  con- 
ditions of  deposition  (pp.  314-315). 

114  Ells  (R.  W.).     NieoUi  coal  basin,  British  Columbia. 

Sum.  Kept.  (ieol.  Survey  Canada,  1904,  pp.  42-121,  1  pi.,  2  figs.,  2  maps, 
(ilves  records  of  borings  (pp.  70-74). 

115  Ely  (Charles  W.),  Bennett  (Frank)  and.     Soil  survey  of  Marshall  County, 

Indiana. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp.  689- 
706,  1  map,  1  fig. 

See  Bennett  (Frank)  and  Ely  (Charles  W.). 

116  and  Griffin  (A.  M.).     Soil  survey  of  Dodge  County,  Ga. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  IT.  S.  Dept.  Agr.,  pp.  231- 
246,  1  map.  1  fig. 

Mentions  the  occurrence  of  sink  holes   (p.  235). 

117  Emmons    (Samuel   Franklin).     Copper  in  the  Red   Beds  of  the  Colorado 

Plateau  region. 

Bull.  V.  S.  Oeol.  Survey  no.  260,  pp.  221-232. 

Contains  brief  references  to  the  part  of  water  In  ore  deposition. 

118  The  Cactus  copper  mine,  Utah. 

Bull.   U.  S.  (ieol.   Survey  no.   200.  pp.   242-248. 

Describes  town  water  supply  from  Wawah  springs,  sixteen  In  number 
(p.  244). 

119  Theories  of  ore  deposition  historically  considered.     (Presidential  ad- 

dress, Geol.  Soc.  Am.,  11)03.) 

Ann.  Rept.  Smithsonian  Inst,  for  year  ending  June  30,  1904,  pp.  309-3.36. 
Sci.  Amer.  Supp..  vol.  60,  no.  1563.  pp.  25046-25047  ;  no.  1564,  pp.  25062- 
25064;   no.  MO."*,  pp.  25078-25079. 

In  rovlowlnp  the  various  theories  of  ore  deposition,  mentions  the  rela- 
tions of  deposition  to  circulation  of  underground  waters,  and  water  level, 
and  the  controversy  regarding  ascending  and  descending  solutions,  mag- 
mat  Ic  and  meteoric  waters,  etc. 

120  Engineering  and  Mining  Journal.     Geology  at  Simplon. 

Kni;.  and  Miii.  Jour.,  vol.  70.  p.  180. 

Notos  tho  encountering  in  the  Simplon  ti  nnel  in  Switzerland  and  Italy 
of  wMtors  much  hotter  than  had  been  predicted  by  geologists. 

121  Wtitcr  in  the  P:p>'ptijni  Desert. 

Enjr.  and  Min.  .Tour.,  vol.  70,  p.  812. 

Notos  tlip  existence  of  a  flowing-well  area  a  few  mU««.  nottVi  ol  \SXv%x^*. 
Id  which  tlows  were  obtained  a  few  feet  be\o\7  t\ie  »viTt«LCft. 
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122  Engineering  and  Mining  Journal.     Banket  in  Rhodesia. 

Eng.  and  Mln.  Jour.,  vol.  79,  pp.  1236-12.^7. 

Quotes  II.  D.  Griffiths  on  the  agency  of  underground  waters  in  the  enrich 
ment  of  thU  gold-l)earing  conglomerate. 

123  Gold  in  banltet. 

Eng.  and  Min.  Jour.,  vol.  7»,  pp.   1241-1242. 

Quotes  the  views  of  Schoch,  Griffiths,  Hatch,  and  Corstorphine  as  to  tb^  I 

agency  of  underground  waters  in  the  enrichment  of  the  gold-bearin{?  coti  I 

glomerates  of  the  world.  1 

124  A  large  pumping  plant  in  Tasmania. 

Eng.  and  Min.  .Tour.,  vol.  80.  pp.  155-157,  4  figs. 

Notes   the   encountering  of   large  quantities  of   water   in   the  Tasmat* 
gold  mine. 

125  Gasolene  pumps  for  irrigation. 

Eng.  and  Min.  Jour.,  vol.  80,  p.  296.  ^^ 

Describes  the  effect  of  pumping  on  the  water  level  In  two  16-inch  45-fo^^' 
wells  at  Garden,  Kans. 

126  Shaft  sinking  for  salt.     [Detroit,  Mich,  j 

Eng.  and  Min.  .Tour.,  vol.  80,  pp.  972-973.  1  fig. 

Descrlb«»s  the  encountering  of  large  quantities  of  strong  sulphur  water""^ 

127  The  Slmplon  tunnel. 

Eng.  and  Mln.  Jour.,  vol.  80,  p.  1009. 

Contains  a  description  of  the  thermal  springs  encountered  in  the  con- 
struction of  the  Slmplon  tunnel  between  Switzerland  and  Italy. 

128  Engineering  News.     Vertical  and  lateral  i>enetration  of  sewage  bacteria 

Into  chalk  soil. 

Rng.  News,  vol.  53,  pp.  116-117. 

Describes  experiments  made  near  Ameslmry.  England. 

129  Sejitlo  tanks  and  intermittent  sand  tiltors  at  Saratoga  Spring...  N.  Y. 

Eng.  News,  vol.  53.  pp.   118-122. 

Notes  that  the  filtrate  from  the  beds  pusses  off  through  the  ground  with- 
out apprecbibly  raising  the  water  table   (p.  122). 

130 I  The  Slmplon  tunnel  l)ct\veen  Switzei'land  and  Italy.] 

Kng.  News.  vol.  53,  pp.  229-230. 

Describes  the  ninny  springs  of  hot  water  encountered  in  the  construction 
of  this  tunnel. 

l.'n  The   Pennsylvania    Kailr(»ad   tunnel   under   Capitol   Ilill,   Washington. 

\}.  C. 

P^ug.   News,  vol.  .''»4.  pp.  2(^-270. 

Notes  the  peuetratloii  of  quicksand  carrying  large  quantities  of  water 
and  describes  the  method  used  in  draining  the  same  (p.  267). 

182 [ Su<.ressf ul  use  of  a  divining  rod.] 

Kng.  News,  vol.  r»4.  p.  380. 

Notice  of  communication  from  Mr.  <l.  Franzius.  of  the  German  HarlK>r 
Construction  Bur<'au,  in  which  is  described  the  use  of  the  divining  rod  in  tlio 
location  of  wells  at  the  Imperial  Navy-Yard  at  Kiel.  The  geological  con- 
ditions, the  divining  rtxl,  and  the  tests  niade  are  briefly  described. 

13:i  Engineering  Record.     Air-lilt  pinnpiiig  plant  of  the  Kedlands  Water  Com- 
pany I  California  |. 

Kng.  Rec,  vol.  rA.  p.  S,  2  tigs.:   Compressed  Air,  vol.  10,  pp.  3394-3396. 
Contains  a  description  of  the  wells  furnishing  the  supply  and  the  tests 
made  to  determine  the  effect  of  pumping  on  the  ground*water  level. 
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gineering  Becord.    Difflculty  with  the  ground-water  drains  of  a  building. 

Eng.  Rec.,  vol.  51,  p.  17. 

Describes  the  inability  of  the  undcrdrain  of  the  New  York  Stock 
Bzcbange  Building  to  handle  ground  water  collecting  below  the  cellar  level. 
The  drains  were  clogged  by  deposition  from  saturated  drainage  water. 
An  analysis  of  the  water  is  given. 

—  Sewage  disposal  at  Saratoga  Springs,  N.  Y. 

Eng.  Rec..  vol.  51,  pp.  82-86,  6  figs. 

Gives  the  level  of  the  water  table  at  the  site  of  the  sewage  disposal  plant 
as  about  16  feet  below  the  level  of  the  original  surface. 

—  I^egal  restrictions  on  the  use  of  underground- water  supplies  in  New 

York. 

Eng.  Rec.,  vol.  51,  pp.  177-178. 

Complete  description  of  the  case  of  Frederick  Reisert  r.  City  of  Xe^^York, 
and  references  to  similar  cases.  The  city  operated  a  drlven-well  plant  which 
Influenced  the  value  of  cultivated  ground  by  drying  up  a  small  surface 
stream  and  the  city  was  therefore  held  responsible  for  damages. 

—  A  private  irrigation  system  in  Texas. 

Eng.  Rec,  vol.  51,  pp.  100-101.  5  figs. 

Detailed  description  of  the  works  Is  given.  The  principal  source  of  sup- 
ply is  a  spring  with  an  unvarying  flow  of  70,000  gallons  per  minute. 

—  The  Simplon  tunnel. 

Eng.  Rec,  vol.  51.  pp.  2;U>-231. 

Notes  the  encountering  of  large  quantities  of  hot  water  In  the  construc- 
tion of  the  tunnel  l)etween  Switzerland  and  Italy. 

—  Deep  artesian  wells  in  South  Au.stralia. 

Eng.  Rec.  vol.  51.  p.  332. 

Notes  the  sinking  of  a  4.420-foot  well  with  a  flow  of  600.000  gallons 
dally  at  a  temperature  of  204°  F.  (ilves  the  total  flow  and  cost  of  deep 
wells  put  down  by  the  South  Australian  <»overnment. 

—  Measuring  underflow. 

Eng.  Rec.  vol.  51.  p.  344. 

Notes  the  use  of  I'rof.  C.  S.  Slichter's  method  of  measuring  underflow 
by  Homer  Hamlin  at  Los  Angeles  and  in  the  San  Francisco  V^alley.  Sev 
eral  suggestions  concerning  the  methods  are  made. 

—  Irrigation  in  Texas. 

Eng.  Rec.  vol.  51.  pp.  6U-61  of  the  Current  News  Supplement. 
DescrllR's  the  use  of  springs  and  artesian  and  surface  wells  in  irrigation 
in  Texas. 

—  Diflleulties  with  a  puni[)  well. 

Eng.  Kec.  vol.  51.  p.  3Ht,  (J  figs. 

Describes  the  construction  of  a  pump  well  and  the  sinking  of  several 
artesian  wells  at  the  Absecoti  pumping  station  of  the  Atlantic  City,  N.  J., 
waterworks.  The  handling  of  a  large  volume  of  percolating  water  under 
high  pressure  was  the  chief  difliculty. 

—  [Damage  from  percolation.  | 

Eng.  Ifec,  vol.  51.  p.  412. 

Notice  of  decision  by  appellate  division  of  New  York  supreme  court 
in  Schwarzenbach  r.  Klectric  Water  Tower  Company  of  Oneonta,  92  N.  Y 
Sup..  1S7.  The  court  ruled  that  percolation  from  the  reservoir  so  as  to 
fiood  the  land  of  the  plaintiff  wa.s  unlawful,  and  that  Schwarzenbach  was 
entitled  to  dumau'es. 

—  The  A.syut  harraj^e  ar-ross  the  Nile. 

Eng.  Rec..  vol.  51,  p[).   42S-430,  2  figs. 

Describes  the  occurrence  of  innumerable  small  springs  in  the  lied  of  tbe 
foundation  trench,  the  trouble  caused  by  them,  and  the  method  used  iD 
sealing  up  the  ventholes. 
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145  Engineering  BecorcL     [Artesian- well  pumps  at  Memphis.] 
Eng.  Kec.,  vol.  51,  p.  460. 
Short  notice  of  the  use  of  special  pumps  for  64  wells  at  Memphis,  T«^°' 

146 Experimental  work  with  wells  at  Battle  Creek  [Mich.]. 

Bug.  Rec,  vol  51,  p.  602. 

Describes  the  sinking  of  wells,  the  materials  passed  through,  the  fl^>^' 
analyses  of  the  water,  and  the  effect  of  pumping  on  the  level  of  the  w*^^^** 
table  at  Battle  Creek,  Mich.  The  Marshall  sandstone  is  mentioned  *'" 
containing  water-bearing  strata. 

147 The  First  street  tunuel,  Washington  [D.  C.]. 

Eng.  Rec.,  vol.  51,  pp.  566-567,  8  figs.  ^. 

Describes  the  encountering  of  water-bearing  quicksand  and  the  meth^^^^ 
of  tunneling  through  It. 

148 An  unusual  water  main. 

Eng.  Rec,  vol.  51,  p.  581. 

Describes  the  laying  of  a  water  main  through  beds  of  quicksand  In  Littr 
Falls,  N.  Y.     Dams  were  built  every  300  feet,  the  water  pumped  out  o^ 
the  section,  and  the  pipe  laid,  after  which  work  was  commenced  on  th^^ 
next  section. 

149 Fire  protection  at  the  Worthington  works. 

Eng.  Rec.,  vol.  51,  pp.  684-685,  1  fig. 

Describes  the  wells  furnishing  the  water  supply  and  the  raising  of  the^^ 
water  by  the  air  lift.      [Harrison,  N.  J.] 

150 Water  supply  by  compressed  air,  rx>s  Angeles,  Cal. 

Eng.  Rec,  vol.  52,  p.  43  of  the  Current  News  Supplement. 
Describes  the  water  supply  of  Los  Angeles  from  deep  wells  by  meanii  of 
compressed  air. 

151  Permeability  experiments,  North  Dike,  Waohusett  reservoir.     TMass.] 

Eng.  Rec,  vol.  52.  p.  64. 

Notes  variations  in  the  water  table  in  the  dike  due  to  varying  rainfall 
and  seasonal  changes ;  results  show  the  dike  to  be  nearly  impermeable. 

152  The  waterworks  at  Raton,  N.  Mex. 

Eng.  Rec,  vol.  52,  p.  72. 

The  water  supply  fi*  largely  from  springs ;  describes  the  building  of 
trenches  across  the  site  of  the  dam  to  cut  off  the  ground-water  flow. 

153  Sanitation  in  Manila. 

Eng.  Rec,  vol.  52.  pp.  76-79. 

Notes  the  large  amount  of  ground  water  which  will   Infiltrate  Into  the 

sewer  pipes  because  of  the  laying  of  the  latter  at  a  considerable  distance 

below  sea  level  In  a  soil  thoroughly  saturated  with  water  (p.  78). 

154  Sliding  hillsides. 

Eng.  Rec,  vol.  52,  p.  133. 

Vibration,  etc,  of  the  railroad  bridge  upon  which  a  water  main  is  laid 
causes  frequent  leakage  of  tlie  water,  whlth  results  in  the  production  of 
landslides. 

155  [Developing  underground  water.] 

Eng.  Rec.  vol.  52,  p.  181. 

Notes  a  decision  of  the  California  supreme  court,  77  Pac  Rept.  1113, 
regarding  the  relation  between  owners  of  filtration  tunnels  and  the  owners 
of  water  flowing  in  a  stream. 

15C  Improvements  of  the  Elgin  waterworks. 

Eng.  Rec,  vol.  52,  pp.  188-189. 

Describes  the  deep-well  water  supply  from  the  St.  Peter  and  Madison 
sandstones  at  Elgin,  111. 
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ir)7  SiZigineering  Record.     Port  Washington  waterworks  under  air  pressure. 
Eng.  Rec.,  vol.  52,  pp.  205-206,  2  figs. 

Describes  the  supplying  of  Port  Washington,  N.  Y.,  with  water  from 
three  8-inch  wells  in  gravel. 

158     —  [A  rock  slide.] 

Eng.  Rec.,  vol.  52,  p.  225. 

Description  of  a  slide  in  one  of  the  quarries  of  the  Lehigh  Portland 
Cement  Company,  caused  by  the  penetration  of  water  along  the  contact  of 
the  limestone  and  cement  rock. 

JoO Mechanical  filters  of  the  Brooklyn,  N.  Y.,  waterworks. 

Eng.  Rec.,  vol.  52,  pp.  236-239,  4  figs. 

Contains  a  description  of  the  well  and  spring  supply  of  Brooklyn. 

ItUJ An  unusual  system  of  wells. 

.Eng.  Rec.,  vol.  52.  p.  266. 

Describes  the  waterworks  system  at  Hastings,  England.  The  water  Is 
obtained  from  three  wells,  9  feet  in  diameter,  two  of  the  wells  being  270 
feet  deep  and  the  other  210  feet. 

'•^5x  [Underground-water  development  in  southern  California.] 

Kng.  Rec.,  vol.  52,  p.  266. 

Notes  the  overdevelopment  of  the  underground-water  supply  of  this 
region. 

^S Blowing  wells. 

Eng.  Rec,  vol.  52,  p.  380. 

Notes  tbe  investigation  of  this  subject  by  the  United  S^tates  Geological 
Survey,  and  gives  a  brief  explanation  of  tbe  cause  of  the  phenomenon. 

^■*^3 The  diminished  yield  of  underground  waters  in  southern  California. 

Eng.  Rec.  vol.  52,  pp.  405-407. 

Describes  the  geohydrologic  conditions  existing  in  this  area  and  con- 
cludes that  present  diminished  yield  of  underground  water  is  due  to  an 
overdevelopment  of  the  underground-water  supply. 

^^>4  [Seepage  from  Irrigation  canals.] 

Eng.  Rec,  vol.  52,  p.  416. 

Short  discuBsion  of  tbe  ease  of  Howell  v.  Big  Horn  Basin  Colonization 
Company,  in  Wyoming,  in  which  tbe  Wyoming  supreme  court  decided  that 
"  seepage  from  irrigation  canals  is  not  only  a  waste  of  water,  but  may 
also  result  in  the  payment  of  damages  for  injury  to  property.*' 

165  Sinking  machinery  foundations  in  quicksand  without  excavation. 

Eng.  Rec.  vol.  52.  p.  526. 

Describes  the  method  used  In  sinking  through  a  bed  of  quicksand  at 
Schenectady,  N.  Y.,  which  prevented  any  subterranean  flow  from  under 
adjacent  footings. 

166 The  sewage  pumping  station  at  the  Hampton  Institute,  Hampton,  Va. 

Eng.  Rec,  vol.  52.  pp.  566-568,  4  figs. 

Descril)e8  tbe  relation  between  tbe  sewage  system  and  the  high  ground- 
water level  at  this  place. 

i(»7  Difficult  sewer  construction  in  Minneapolis  [Minn.]. 

?:ng.  Rec.  vol.  52.  pp.  639-640,  4  figs. 

I)e8cril»e8  the  eiuoimteriDg  of  water-bearing  quicksands  and  the  methods 
used  in  workinK  through  them.     Notes  seepage  of  water  into  tunnel  from 

the  dumping  ground. 

168 The  effect  of  seepage  from  ditches  on  stream  flow. 

?:ng.  Rec,  vol.  52,  p.  663. 

Concludes  that  the  use  of  water  from  the  Platte  River  has  reduced  the 
size  of  the  spring  floods.     Improvement  in  the  flow  of  the  stream  la  dOM 
to  return  seepage.  ■ 
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1(59  Engineering  Becord.     Waterworks  of  Saugatuck,  Mich. 
Eng.  Rec.,  vol.  52,  pp.  665-666. 

Detailed  description  of  the  water  supply  of  this  Ylliage,  which  is  obt^l^^ 
from  four  wells  driven  along  the  bank  of  the  Kalamasoo  River. 

170  [Artesian  well.] 

Eng.  Rec,  vol.  52,  p.  725. 

Describes  the  equipment  of  an  artesian  well  10  inches  in  diameter  ^° 
756  feet  deep,  belonging  to  the  Fond  du  Lac  Water  Company,  Wisconsin. 

171  Eng^eering  Beview.     Factory  fire  protection  and  water  supply. 

Eng.  Review,  vol.  15,  no.  8,  pp.  5-8,  7  flga. 

Gives  the  location,  depth,  and  material  passed  through  of  the  w^ells  €'^^' 
nlshlng  the  water  supply  at  the  Henry  R.  Worthington  Hydraulic  Wor**^ 
Harrison,  N.  J.  The  water  comes  from  a  bed  of  gravel  at  a  depth  of  abc:^** 
400  feet. 

• 

172  English  Mechanic  and  World  of  Science.     A  land  of  gold  and  marble. 

ScL  Am.  Supp.,  vol.  60.  pp.  25034-25035. 

Describes  the  limestone  caverns  and  underground  streams  In  New  Sou*^^ 
Wales. 

173  Ensign  (O.  H.).     Power  engineering  applied  to  irrigation  problem. 

Water-Sup.  and  Irr.  Paper  no.  146,  TT.  S.  (leol.  Survey,  pp.  37-42. 
Includes  a  statement  concerning  the  practice  of  pumping  from   drlve^^ 
wells  (p.  41). 

F. 

174  Fairchild  (Herman  Le  Roy).     Pleistocene  features  in  the  Syracuse  region. 

Am.  Geologist,  vol.  36,  pp.  135-141. 

Mentions  occurrence  of  brines  In  drift  In  New  York. 

175  Fenneman  (N.  M.).     The  Florence,  Colo.,  oil  field. 

Hull.  r.  S.  Geol.  Survey  no.  260.  pp.  436-440. 

Notes  occurrence  of  crevice  encountered  oy  an  oil  well  which  required  two 
wa^oDloads  of  gravel  to  till  (p.  438),  and  discusses  the  number  and  llmlt.s 
of  cracks  and  the  occurrence  of  water  In  oil  wells  (p.  439). 

17tJ Oil  fields  of  tlie  Te.xas-Louisiana  Gulf  C'oast. 

Bull.  r.  S.  r.eol.  Survey  no.  260.  pp.  450-467. 

Mentions  the  occurrence  of  salt  water  In  oil  wells  of  Texas  (p.  460).  tar 
springs  and  others  emitting  gas  In  Texas  (pp.  462-463).  and  salt  and  sour 
waters  (p.  464). 

177  Findley  (O.  P.).  Plant  of  the  C'ananea  Consolidated  Copper  Cx)mpany, 
Cananea.  Sonora,  Mexico. 

Min.  and  Sci.  Press,  vol.  J)l,  pp.  342-,343.  4  figs. 

The  water  supply  comes  from  a  well  sunk  to  bed  rock,  with  a  subterra- 
nean gallery  which  taps  an  underground  stream  capable  of  furnishing 
3.000,000  gallons  per  day, 

17N  Finkle  (F.  C).     I*uniplng  underground  water  in  southern  California. 

Water-Sup.  and  Irr.  Paper  no.  146,  V.  S.  (ieol.  Survey,  pp.  56-72. 

Descrlljes  the  underground  reservoir  In  gravel  (p.  57)  and  its  replenish- 
ment from  mountain  streams  and  return  waters  from  Irrigation  (p.  58). 
The  extent  of  the  supply  (p.  59).  Its  declino  due  to  pumping  (pp.  60-61),  and 
the  proposed  replenishment  by  decreasing  draft  and  constructing  regulating 
works  to  secure  distribution  and  absorption  of  waters  of  mountain  streams 
are  considered  (pp.  61-63).  Other  points  treated  are  laws  relating  to 
underground  water  (pp.  59-60)  and  pumping  methods  (pp.  63-72). 
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179  Fischer  (Theobold).     Morocco. 

Ann.  Rept.  Smithsonian  Inst,  for  year  endinjir  Jane  30,  1904,  pp.  355-372. 
Trans,  from  Geograpbische  Zeltschrift,  Leipzig.  February  12,  1003, 

Mentions  rarity  of  springs  on  the  lower  plain,  and  necessity  for  resorting 
to  bored  wells.     Refers  to  salinity  and  unpalatableness  of  the  water   (p.    - 
363). 

180  Pitegrerald  (William  G.).     A  lost  river. 

Technical  World  Magazine,  vol.  4.  pp.  74-78,  3  figs. 

Describes  the  great  limestone  cavern   through  which  the  river  Lease  in    * 
Belgium  passes  in  its  subterranean  course. 

181  Fleming  (Burton  P.).     Seepage  investigationB  in  the  valley  of  the  Laramie 

River. 

Bull.  Wyoming  Exp.  8ta.  no.  61,  32  pp.,  3  figs. 

Discusses  the  causes,  extent,  and  prevention  of  loss  of  water  from 
canals  by  seepage,  and  reports  the  results  of  seepage  measurements  on 
I^ramle  Ulver.  Sand  Creelc.  and  a  number  of  irrigation  canals  In  Wyoming. 

1S2 Irrigation  woric  on  the  North  Platte  River. 

Bull.  Wyoming  Kxp.  Kta.  no.  66.  24  pp..  4  flgs. 

Gives  measurements  of  seepage  losses  from  canals  In  Wyoming  and 
Nebraska  (pp.  18-23). 

183  Fletcher  (R. ).     Di8i>osal  of  household  wastes  at  summer  resorts,  encamp- 

ments, and  farmhouses.  Pure  water  supply  and  other  sanitary 
conditions. 

New  Hampshire  Sanlt.  Bull.,  July  Supp..  23  pp.,  8  figs.  Abstract :  Exp. 
8ta.  Record,  vol.  17.  no.  4,  p.  409. 

(Jives  information  regarding  the  construction  of  wells  and  their  protec- 
tion from  contamination. 

18lia  Fogel  (Estelle  D.),  Pammel  (L.  II.)  and.     Some  railroad  water  supplies. 
Proc.  Iowa  Acad.  Scl.  for  1904.  vol.  12,  pp.  151-155. 
See  Pammel  (L.  H.)  and  Fogel  (Estelle  I).). 

184  Ford  (A.  G.).     Mls(»ellaneous  water  analyses. 

Bull.  Oklahoma  Agr.  Kxp.  Stn.  no.  67,  18  pp. 

fJives  chemical  analyses  <if  water  from  95  wells  and  13  springs,  and 
states  best  lorntlons  for  wells  relative  to  houses,  etc. 

185  Forestry  and  Irrigation.     lrri>;ation  in  Texas. 

Forestry  and   Irrigation,  vol.  11.  pp.  2.30-231. 

Descrllx^H  the  Irrigation  of  portions  of  the  State  by  water  from  surface 
and  artesian  wells. 

186 The  upbuilding  of  Nevada. 

Forestry  and  Irrigation,  vol.  11.  pp.  270-274.  3  figs. 

Mentions  the  sinking  of  mountain  streams  in  the  sands  of  the  desert. 

187  Fortier  (S.).     Irrigation  in  Santa  Clara  Valley,  California. 

Bull.  Otthe  P:xp.  St:i..  V.  S.  iH^pt.  Agr..  no.  158.  pp.  77-91. 
Mentions  use  of  wells  for  Irrigation  in  this  valley  and  descrll>es  methods 
of  applying  water. 

188  Franke  (Robert  P.).     (ieology  of  tlio  Corhise  mining  district,  Arizona. 

Min.  Iteporter.  vol.  51.  p.  503.  1  fig. 
Notes  that  the  descending  waters  have  leached  great  portions  of  the  beds. 

189  Fuller  (Myron  r.eslie).     Artesian  flows  from  uuoontined  sandy  strata. 

Eng.  News,  vol.  53.  pp.  329-330,  2  flfes- 

Describes  examples  on  Long  Island,  New  York,  and  In  Michigan,  and 
oflTers  an  explanation  of  the  cause.  | 
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190  Fuller  (Myron  I^slle).    The  measurement  of  low  areslan  heads. 

Kng.  News.  vol.  58,  p.  503.  1  fl|;. 

Describes  a  small  nnge  for  takloK  artesian-well  pressures. 

191  Some  results  of  Geological  Survey  work  In  the  location  of  undergT^^^^     1 

'     waters.  1 

Eng.  News,  vol.  54,  p.  517. 

A  letter  to  the  editor  of  the  Engineering  News.  In  which  Mr.  W'uller  «*^^'* 
the  fulfilling  of  predictions  made  by  Mr.  W.  H.  Norton  as  to  the  tf«^°^'^ 
ground  waters  at  Waterloo,  Iowa. 

192  Geology  of  Fishers  Island,  New  York. 

Bull.  Geol.  Soc.  America,  vol.  16,  pp.  307-390. 

(Jives  well  record  and  describes  lateral  transmission  of  water  thr^:^"*^^ 
Joints  of  crystalline  rocks  from  mainland,  7  miles  distant  (p.  372). 

193  Objects,  development,  and  results  of  the  work  of  collecting  well  ^^^' 

ords  and  samples. 

Bull.  IT.  S.  Oeol.  Survey  no.  264,  pp.  12-39. 

Discusses  the  Importance  and  benefit  of  well  records,  and  describes 
organization  of   the  division   of  hydrology  and   the  methods  of  collect 
samples  and   records.     Among  the   points   Incidentally   considered    are         ^ 
occurrence  of  oil,  gas,  and   water    (p.    12),   factors  affecting  well   drill -^^^ 
(p.    13),   use  of  records    (p.    14).   problems   of  depth,    character   of   ma^^^ 
rials,  water  supplies,  casing,  limits  of  depth,  location  of  oil  and  gas  shou^'^J 
head,  and   use  of  water  for  Industrial,   irrigation,   medicinal   and  bathl      ^ 
purposes,  and  at  resorts  (pp.  15-20). 

194  Introduction. 

Contributions  to  the  hydrology  of  eastern  United  States.   1904  ;  Wate-^^ 
Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol.  Survey,  pp.  9-16. 
Summarizes  papers  Included  In  the  report. 

195  Triassic  rocks  of  the  Connecticut  Valley  as  a  source  of  water  supph-^ 

Water-Sup.  and  Irr.  Paper  no.  110,  T'.  S.  Geol.  Survey,  pp.  95-112.  8  flg^^ 

Discusses  the  occurrence  of  water  In  Triassic  conglomerates,  sandstones^^ 

shales,   and    traps;   and    the   influence  of  structure.   Jointing,   and   faultln^:^ 

on  the  waters.     DlKcusses  the  testing  of  wells,  keeping  of  accurate  records,  ^ 

and  the  proper  depth  of  wells.     Gives  analyses. 

196  Notes  on  the  hydrology  of  Cuba.  ^ 

Water-Sup.  and  Irr.  l*aper  no.  110.  V.  S.  (ieol.  Survey,  pp.  183-199. 

I)e8crll)es  the  various  town  and  city  supplies  obtained  from  ordinary  and 
artesian  wells,  underground  streams,  and  springs  (pp.  187-193).  t)escrll>es 
wells  sunk  by  V.  S.  War  Department  (pp.  lOO-lOOi,  and  gives  record  (p. 
192 »  and-  analysis  (j).  108).  DIkcusscs  abundance  of  springs  and  men- 
tions submarine  springs  (pp.  1I).*{- 11>4 ).  I)«^scril)e8  subterranean  streams 
and  their  relation  to  limestone  caves  (p.  104).  Discusses  mineral  waters 
and  gives  analyses   (pp.   104    100). 

197  Occurrence  of  underground  waters. 

Water-Sup.  and  Irr.  Paper  no.  114.  T'.  S.  (ieol.  Survey,  pp.  18-40,  4  pis., 
14  figs. 

Descrllws  sources  of  ground  water,  relation  to  rainfall,  permeability  and 
storage  capacity  of  rocks,  occurrenci'  and  amount  of  water,  types  of  water- 
l)earlng  formations,  temperature  of  underground  waters,  and  their  recovery 
by  seepage,  springs,  and  by  wells.  Gives  a  short  chapter  on  artesian  flows, 
enumerating  the  essential  conditions.  Describes  briefly  the  underground- 
water  conditions  of  eastern  Tnlteil  States,  including  types  of  rock  and 
rock-water  provinces. 

198  New  Hampshire. 

Water-Sup.  and  Irr.   Paper  no.   114,  T'.   S.   Geol.   Survey,   pp.   57-59. 
Summarizes  data  regarding  wells  and  springs,  and  enumerates  8  commer- 
cial springs. 
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199  Fuller  (Myron  I^slie).     Peiinsylvaiiia. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  8.  Geol.  Survey,  pp.  104-110,  1  tig. 

DescrlbeH  distribution  of  wells  in  the  drift,  stream  deposits,  crystalline 
rocks,  Triassic,  Cambrian,  Silurian.  Devonian,  and  Carboniferous  rocks,  and 
Coastal  Plain  deposits.  Enumerates  mineral  springs,  and  gives  principal 
publications  on  underground  waters  of  the  State. 

200  North  Carolina. 

Water-Sup.  and  Irr.  Paper  no.  114.  U.  S.  Geol.  Survey,  pp.  136-139,  1  flg. 

Describes  briefly  the  artesian  conditions  of  the  Coastal  Plain  and  the 
occurrence  of  water  in  the  Potomac  formation,  and  gives  list  of  wells. 
Describes  briefly  the  occurrence  of  water  in  the  IMedmont  Plateau  and 
Appalachian  Mountain  l>elt.  Lists  the  principal  mineral  springs  and  publi- 
cations on  underground  waters  of  the  State. 

201  Florida. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  159-163,  1  fig. 

Descril)es  underground-water  conditions  of  the  highland  area  and  the 
artesian  areas  of  the  west  and  east  coasts.  Mentions  driven  wells  in  the 
sand  area.  Notes  several  mineral  springs  and  publications  on  water  condi- 
tions of  the  State. 

202  I>o\vor  Michigan. 

Water-Sup.  and  Irr.  Paper  no.  114,  TJ.  S.  Geol.  Survey,  pp.  242-247,  2  flgs. 
Compiles  data  regarding  the  underground- water  resources  of  the  Lower 
Peninsula  of  Michigam     Lists  the  principal  publications  and  notes  impor- 
tant mineral  springs. 

203  West  Virginia. 

W^iter-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  271-272. 

Summarizes  the  conditions  l)earing  on  underground- water  supplies  in  the 
Appalachian  Mountain  I>oIt  and  the  Cumberland  Plateau.  Lists  the  prin- 
cipal mineral  springs  of  the  State. 

204  Bibliographic   review   and    index   of  papers   relating  to   underground 

waters  published  l)y  the  I'niteil  States  Geological  Survey,  1870-1904. 

Water-Sup.  Paper  no.  120,  V.  S.  (Jeol.  Survey,  128  pp. 

Lists  all  roforenoes  to  underground  waters,  springs,  well  records,  and 
drilling  methods,  and  gives  detailed  ciassifled  subject  index. 

205  Hydrologic  worii  in  eastern  United  States  and  publications  on  ground 

waters. 

Water-Sup.  and  Irr.  Paper  no.  145,  P.  S.  Geol.  Survey,  pp.  9-20. 

De8<Tll)es  the  organization  of  the  division  of  hydrology  and  gives  an 
account  of  the  work  of  the  eastern  section  in  1904.  The  special  work 
included  the  collection  of  well  records  and  samples,  the  preparation  of 
bibilographios  and  hydrologic  tables,  and  a  study  of  the  relation  of  the 
law  to  underground  waters.  AlK>ut  50  geologists  were  employed  during  the 
year,  work  l>oing  conducted  in  Maine.  New  Hampshire.  Massachusetts.  New 
York.  New  .lersey.  Maryland.  Virginia,  West  Virginia,  Georgia,  Alabama. 
MIsslHslppI,  Tennessee.  Kentucky,  Arkansas,  I^uislana,  Missouri,  Iowa. 
Minnesota,  Wisconsin,  and  Michigan.  The  paper  contains  a  summary  of 
the  other  papers  In  the  report  and  gives  a  list  of  survey  publications  relat- 
ing to  underground  waters. 

206  Two  unusual  types  of  artesian  flow. 

Water  Sup.  and  Irr.  Paper  no.  145,  U.  S.  Geol.  Survey,  pp.  40-45. 

Describes  flows  from  uniform  unconflned  sands  taking  place  in  virtue  of 
lamellar  arrangement  of  elongated  sand  grains  on  Long  Island,  New  i'ork, 
and  in  Michigan.  The  lateral  transmission  of  water  through  Joints  in 
8tratifie<l  rocks  for  long  distances  Independently  of  structure  In  south- 
eastern Michigan  Is  also  described.  The  confinement  nec^fta^x-s  l^iT  \Xi<fe  ^«^ 
is  afforded  by  the  clayey  drift  overlying  the  moxe  yot^Mft  twi>L. 
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207  Fuller    (Myron    lieslle).     Construction    of   so-called   fountain   and  geys*^ 
springs. 

Water-Sup.  and  Irr.  Taper  no.  145.  T'.  8.  Geol.  Survey,  pp.  46-^0. 

DiflTerentlates  confined  and  nneonflned  springs,  and  gives  method^  ^ 
which  the  former  can  be  converted  Into  a  "  fountain,"  and  both  Into  If*"^*^ 
mlttent  or  geyser  springs. 

20i9  A  convenient  gage  for  determining  low  artesian  heads. 

Water-Sup.  and  Irr.  Taper  no.  145,  l'.  S.  Geol.  Survey,  pp.  51-52. 

Descriljes  a  l!-lnch  nickel  gage  which,  by  means  of  a  rubber  flange.      ^'^ 
I>e  Instantly  applied  to  pipes  up  to  2  Inches  In  diameter  and  will  read  p  0^"^' 
sures  up  to  50  pounds. 

209 A  ground-water  problem  in  southeastern  Michigan. 

Water-Sup.  and  Irr.  Paper  no.  145,  V.  S.  Geol.  Survey,  pp.  12^147. 

Discusses  the  failure  of  wells  along  Huron  River.     The  water  occurs 
the  jointed  upper  portion  of  the  Dundee  limestone  and  Monroe  and  Sylvan^^^" 
sandstones.  In  which  It  is  confined  by  overlying  glacial  clays.     The  loss         ^ 
head  and   flow  are  described  and  the  causes.  Including  the  effect  of  ad- 
cent   deep   wells,   quarrying  operations,  deforestation,  ditching,    frost,  a 
deficiency  of  rainfall   are  considered.     Deforestation  and  ditching  are  t 
most  far-reaching  causes,  but  an  early  frost  which  froze  the  ground  ai 
prevented  the  alisorptlon  of  late  autumn  rains  of  the  previous  year,  In  coi 
nectlon  with  low  rainfall,  was  the  more  Immediate  cause. 

210  Notes  on  certain  large  springs  of  tlie  Ozark  region,  Missouri  and  A 

l^ansas.  • 

Water-Sup.  and  Irr.  Paper  no.  145,  I*.  S.  Geol.  Survey,  pp.  207-210. 

Outlines  the  geologic  conditions  and  describes  and  gives  discharge  oi 
(Jreer.  Van  Buren.  Fanchon.  Alley.  Blue,  Mesamer,  and  Boiling  springs  ol 
Missouri  and  the  Mammoth  spring  of  Arkansas. 

211 Failure  of  wells  along  the  lower  Huron  River,  Michigan,  in  1904. 

Ann.  Kept.  Michigan  (ieol.  Survey  for  1004,  pp.  7-29,  pi.  1,  figs.  1  and  2. 

DescrilR's  the  relations  and  conditions  of  the  wells,  and  ascrlln's  their 
decline  to  the  deforesting  and  ditching  of  tlie  region  and  an  early  frosl 
follo\v«Ml  l»y  n  dry  summer.  Advocites  tlje  passing  of  laws  regulating  de«»p 
or  artesian  wells. 

212  —  Cmusc  and  period  of  eartlKpiakes  in  the  New  Madrid  area,  Miss<iuri 
and  .\rlvansas. 

A  list  part  :   Soieiicc.  new.  ser..  vol.  'Jl.  pp.  .'i41»-.HriO. 

Notes  settling  of  tin*  surface  in  this  area  due  to  undermining  by  ground 
waters  under  art<'slan  prossure. 

213 Artiticinl  fountain  and  geyser  springs. 

Scl.  Am.,  vol.  *X\,  \).  r.7.  4  tijrs. 

Discusses  tlie  geological  conditions  resulting  in  the  formation  of  springs 
and  tli«»  artiticial  construction  of  fountain  and  g<».vser  springs. 

214  Darton  ( .\.  H.)  and.     Maryland. 

Water  Sup.    and    irr.    Paper    n  ».    111.    l'.    S.    (leol.    Survey,    pp.    114-12.1, 

•2   pis. 

See  Darton    (  N.   11.  i    and   Fulh'r   (Myron   Leslie). 

2ir» Darton  (X.  II.)  and.     District  (»f  Colunibia. 

Water  Sup.  and   Irr.  Paper  no.    114.  W  S,  (Jeol.  Survey.  i>p.  124-126,  1  pi. 
.See  Darton   <  N.  11.)   aiul  Fuller   (Myron  Leslie), 

2D5 Darton  (N.  II.)  and.     Virginia. 

Water  Sup.  and  Irr.  Paper  no.  114.  V.  S.  Geol.  Survey,  pp.  127-135,  1  pi. 
See  Darton   ( N.  H.)   and  Fuller  (Myron  Leslie). 

217  Fullerton   (Aubrey).     A  new  niannuoth  cave. 

Technical  World  Magazine,  vol.  4.  pp.  200-208,  6  flgs. 
Describes  an  immense  cave  In  the  limestone  of  Cougar  Mountain,  in  the 
Selkirks  of  British  Columbia,  and  the  streams  flowing  in  it. 
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218  Ckde  (Hoyt  S.).     Water  resources  of  the  Cowee  and  Pisgah  quadrangles, 

North  Carolina. 

Water-Sup.  and  Irr.  Paper  no.  110,- U.  S.  Geol.  Survey,  pp.  174-176. 

Describes  the  abundance  of  good  springs,  with  a  few  chalybeate  and 
sulphur  springs.  Describes  the  association  of  carbonate  springs  with 
homblendic  gneiss  and  of  chalybeate  waters  with  pyrite  deposits  along 
faults.     Mentions  the  rarity  of  wells  in  the  area. 

219  Garry  (G.  H.),  Spurr  (J.  E.)  and.     Preliminary  report  on  ore  deposits  in 

the  Georgetown,  Colo.,  mining  district. 
Bull.  U.  S.  Geol.  Survey  no.  260,  pp.  99-120. 
See  Spurr  (J.  E.)  and  Garry  (G.  H.). 

220  Geib  (W.  J.),  Bice  (Thomas  D.)  and.     Soil  survey  of  the  Gaine.-^ville  area, 

Florida. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp.  269- 
289,  1  map,  1  fig. 

See  Rice  (Thomas  D.)  and  Geib  (W.  J.). 

221  Bice  (Thomas  D.)  and.     Soil  survey  of  Warren  County,  Kentucky. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp.  527- 
541,  1  map,  1  fig. 

See  Rice  (Thomas  D.)  and  Geib  (W.  J.). 

222  George  (H.  C).     A  freak  oil  field. 

Eng.  and  Min.  Jour.,  vol.  80,  pp.  870-877. 

Describes  the  "  Grasshopper  oil  field  "  of  Warren,  Pa.  The  oil  occurs 
as  a  scum  on  the  surface  water  in  the  glacial  deposits.  Notes  the  rising 
and  falling  of  the  water  level  in  the  wells  with  the  water  of  the  river. 

223  Gerhard  (William  Paul).     The  water  supply  of  country  buildings,  Part  I. 
Cassier's  Magazine,  vol.  27,  pp.  482-408.  14  flga. 
Detailed  discussion  of  wells,  springs,  and  collecting  galleries  as  sources 

of  supply.     Some  of  the  figures  show  method  of  arranging  well  batteries. 

224  Getman  (F.  L.).     The  new  artesian  water  supply  of  Ithaca,  N.  Y. 
Eng.  News.  vol.  .">3,  pp.  412-414,  4  figs. 
Describes  the  local  geology,  sinking  of  wells,  details  of  equipment,  and 

cost  of  construction. 

225  Gieseler  (E,  A.).     A  new  form  of  filter  gallery  at  Nancy,  France. 
Eng.  Hec.  vol.  51,  pp.  148-149.  5  figs. 

Descrll>e8  the  construction  of  a  filter  gallery  parallel  to  the  river  Mo- 
selle, designed  to  collect  the  subsoil  water. 

226  Glenn  (L.  C).     South  Carolina. 
Water-Sup.  and  Irr.  Paper  no.  114.  U.  S.  Geol.  Survey,  pp.  140-152.  1  pi. 
Describes    briefly    the   distribution    of   springs   and   enumerates    those   of 

commercial  value  (pp.  141-142).  IHscusses  distribution  of  open  and  deep 
wells,  and  their  relations  (pp.  142-144.  151-152).  States  the  water  con- 
ditions In  the  crystalline  rocks,  the  Potomac  formation,  the  marine  Cre- 
taceous beds,  E«x'ene,  Miocene.  Lafayette,  and  Columbia  deposits  (pp.  146- 
149).  Gives  table  of  deep  wells  with  statistics  (pp.  149-151).  Lists  the 
principal  pul>llcatl<)n8  on  underground  water  of  the  State  (p.  152). 

227  Tennessee  and  Kentucky. 

Water-Sup.  and  Irr.  Paper  no.  114,  X.'.  S.  Geol.  Survey,  pp.  198-208. 

Decrlbes  the  underground-water  resources  of  the  valley  of  East  Ten- 
nessee, the  Ciiml»erland  Plateau,  the  Highland  and  I^exlngton  Plains,  and 
the  Gulf  Coastal  Plain.  Lists  the  Important  mineral  springs  and  the 
principal  publications  on  underground  waters  of  the  two  States. 
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228  Ooodell  (Edwin  B.).  A  review  of  the  laws  forbidding  pollution  of  Inland 
waters  in  the  United  States,  second  e<lition. 

Water-Sup.  and  Irr.  Paper  no.  152,  U.  S.  Geol.  Survey.  140  pp. 

Many  of  the  enactments  include  laws  against  the  pollution  of  wells  and 
springs,  as  well  as  surface  streams. 

228a  Gould  (Charles  Newton).     Geology  and  water  resources  of  Oklahoma. 

Water-Sup.  and  Irr.  Taper  no.  148,  U.  S.  Geol.  Survey,  173  pp.,  22  pis,,  32 
figs. 

Descriljes  gypsum  caves   (pp.  52,  98),  sink  holes   (p.  74),  brine  sprioi^ 
(pp.  41,  100-104),  sulphur  springs   (pp.   104-105).  and  the  occurrence  of 
salt  wnter  in  wells   (pp.   106-107).     Describes  the  artesian  conditions,  b; 
counties   (pp.   109-133).     Gives  detailed  statistics  regarding  a  number  of 
deep  wells  (pp.  105-106)  and  records  (pi.  XXII),  and  describes  the  occur- 
rence of  underground  water  in  granite,  porphyry,  the  Arbuckle  limestone, 
Whitehorn    sandstone,    Greer    formation.    Quartermaster    formation,   con 
glomerate,  and  in  red  beds  and  alluvium   (pp.  95-100).     Describes  undet 
flow  of  streams  (p.  90).     Classlfles  and  descrllies  the  springs  of  the  Ter^^ 
tory    (pp.    94-105),   and   discusses   the   use   of  springs   for   public   supP^^ 
(p.  99)  and  irrigation  (pp.  13J>-140).     Discusses  the  use  of  well  waters  f^\ 
irrigation  (pp.  140-141).     Gives  an  appendix  containing  many  analyses-  ^ 
wells  (pp.  143-149)  and  springs  (p.  153)  and  statistics  regarding  locatl^^   \ 
size,  depth,  method  of  pumping,  quality  of  water,  discharge,  and  geologic 
relations  of  261  wells. 

220  Grant   (U.  S.).     Water  resources  of  the  Mineral  Point  quadrangle,  Wf  -^ 
consin. 

Water-Sup.  and  Irr.  Paper  no.  145.  U.  S.  Geol.  Survey,  pp.  67-73. 

Gives    a    geologic   section    and    discusses    underground-water    condltion^^ 
Good  springs  occur  at  the  outcrop  of  the  (ialena  and  Plattevllle  llmestone^^ 
and  the  St.  Teter  sandstone,  w^hlle  drilled  wells  obtain  good  supplies  fron--^ 
the  (ialena  limestone  and  St.  Peter  and  Potsdam  sandstones. 

230  Gregory  (H.  E.).     Connecticut. 

Water-Sup.  and  Irr.  Taper  no.  114,  U.  S.  (ieol.  Survey,  pp.  76-81,  1  fig. 

Describes  underground-water  conditions  In  the  limestone  area.  Trlassl** 
sandstone  an*a.  and  the  crystalline  areas.  Notes  the  relation  of  faults  to 
water  supply.  Discusses  springs  and  wells  obtaining  water  In  the  drift. 
Enumerates  mineral  sprin^js  and  gives  list  of  publications. 

231  Gregory  (John  H.).     The  Scioto  River  storage  dam  at  Columbus,  Ohio. 

p]ng.  Rec,  vol.  Tili.  pp.  ;iOJ-:io.-i.  4  figs. 

Describes  the  well  and  liltering  gallery  or  conduit  system  now  In  use  at 
Columbus. 

232  Gregory  (J.  W.).     Uio  Tlnto,  Spain. 

Kng.  and  Min.  .lonr.,  vol.  79,  pp.  'M()-'M'2,  4  tigs. 

Contains  a  discussion  of  the  agency  of  underground  waters  In  the  for- 
mation of  the  copper  deposits  at  this  pla«c. 

233  The  ore  deimsits  of  Mount  Lyell.     |  California.] 

MIn.  and  Scl.   Tress,  vol.  01.    (pp.  7."i-7C,.  0(MH). 

These  two  articles  are  devoted  mainly  to  a  discussion  of  the  agency  of 
water  in  the  genesis  of  these  deposits. 

234' Griffin    (A.   M.),  Bennett    (Frank)    and.     Soil   survey   of  the  Orangeburg 
area,  South  Carolina. 

Field  Operations  of  the  Bureau  of  Soils.  1904,  U.  S.  Dept.  Agr.,  pp.  185- 
'20't,  1  map,  1  flc. 

See  Bennett  (Frank)  and  Oriffln  (A.  M.). 

235  Ely  (('harles  W.)  and.     Soil  survey  of  Dodjje  County,  G;\. 

Field  Operations  of  the  Bureau  of  Soils,  11K)4,  U.  S.  Dept.  Agr.,  pp.  231^ 
246,  1  map.  1  fig. 

See  Ely  (Charles  W.)  and  Griffin  (A.  M.^ 
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236  Oriffin  (A.  M.),  Hearn  (W.  Edward)  and.     Soil  survey  of  the  Alma  area, 

Miohlgan. 

Field  Operations  of  the  Bureau  of  Soils.  1904,  U.  8.  Dept.  Agr.,  pp.  639- 
664,  1  map,   1  fig. 

See  Heam  (W.  Edward)  and  GrlflJn  (A.  M.). 

237  Oriswold  (Lewis),  Bice  (Thomas  I).)  and.     Soil  survey  of  Acalia  Parish, 

Louisiana. 

Field  Operations  of  the  Bureau  of  Soils,  1903.  U.  S.  Dept.  Agr.,  pp.  461- 
485,  1  fig..  1  map. 

See  Rice  (Thomas  D.)  and  Oriswold  (Lewis). 

238  Gonther  (Charles  Godfrey).     The  gold  deiioslts  of  Plomo,  San  Luis  Park, 

Colorado. 

Econ.  Geol..  vol.  1,  pp.  143-154. 

Considers  part  played  by  circulating  ground  waters  in  deposition  of 
ores  along  fissures  and  faults   (p.  153). 

239  An  interesting  fault  sy.stem  [California]. 

Eng.  and  Min.  Jour.,  vol.  80,  p.   1013,   1   fig. 

Contains  a  description  of  the  manner  in  which  the  ore-bearing  solutions 
passed  along  the  faults. 

li-iO  Gilbert  (Grove  Kad).     Plans  for  obtaining  subterranean  temperatures. 

Year  Book  no.  3,  1004,  Carnegie  Institution  of  Washington,  pp.  269-260. 
Gives  estimate  of  cost  of  drilling  to  various  depths  and  makes  recom- 
mendations. 

241  Value  and  feasibility  of  a  determination  of  subterranean  tenii)erature 

gradient  by  means  of  a  deep  boring. 

Year  Book  no.  3.  1904.  Carnegie  Institution  of  Washington,  pp.  261-267. 
Abstract,  p.  120. 

Considers  need  for  such  n  determination,  conditions  to  l)e  satisfied  in 
the  selection  of  a  site  for  a  l)orlng,  and  concludes  that  the  Llthonia  dis- 
trict, Georgia,  is  preferable. 

242  Qoding  (F.  W.).     Queensland  artesian  wells. 

Daily  Consular  Repts.  no.  2166,  Dept.  Com.  and  Labor,  pp.  6-7. 
Gives  statistics  regarding  average  depth,  flow,  temperature,  etc.,  of  the 
960  wells  In  the  State. 

-43  Oreeley  ( VV.  B. ) .     Tbe  effect  of  forest  cover  upon  stream  flow. 

Forestry  and  Irrigation,  vol.  11,  pp.  163-168,  309-315,  4  figs. 

Discusses  the  absorption  of  rainfall  by  the  soils,  the  effect  of  under- 
ground seepage  on  .stream  flow:  and.  In  the  second  article  (pp.  309-315), 
describes  an  investigation  of  certain  areas  in  New  York. 


244  Hale    (Harrison).     Analyses:  Waters  from   Oklaboma   and   Indian  Terri- 

tories. 

Bull.  Bradley  Geol.  Field  Sta.  Drury  Coll..  vol.  1,  pt.  2,  pp.  100-102. 

Gives  the  results  of  examination  of  a  considerable  number  of  well  waters 
to  determine  suitability  for  Iwiler  purposes. 

245  Hall  (B.  M.).     Rio  Grande  project. 

Water-Sup.  and  Irr.  Paper  no.  146,  IJ.  S.  Geol.  Survey,  pp.  75-78. 
Notes   insnfllciency  of  underflow  and  inapplicability  of  submerged  dams 
(pp.  7G-77). 

246 Past  and  present  plans  for  irrigation  of  the  Rio  Grande  Valley. 

The  oflkial  proreedlngs  of  the  Twelfth  National  Irrigation  Congress,  at 
El  Paso.  Tex..  November  15-18,  1004.  pp.  213-221. 

Discusses  underflow  of  the  Rio  Grande  Valley  as  a  source  of  supply  fo^ 
wells   (pp.  216-218), 

IRR  163—06 '^ 
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247  Hall    (Charles  M.)    and  Willard   (Daniel  E.).    De^rlption  of  CaBselton 

and  Farj?o  quadrangles.  I  North  Dakota  and  Minnesota.  J 
Geologic  Atlas  V.  8.,  folio  117.  V.  8.  Oeol.  Survey,  7  pp. 
Gives  well  logs  and  statistical  data  (pp.  5-6),  describes  springs  and 
drift  and  artesian  wells  (p.  4),  and  the  source  (probably  from  Dakoti 
sandstone)  and  character  of  the  deep  waters.  An  artesian  well  section 
showing  drift  and  Cretaceous  horizons  (p.  2)  and  maps  showing  flowing 
and  nonflowing  areas  in  drift  and  older  formations,  head,  depth  of  welltt, 
etc.,  are  also  given. 

248  Hall  (Christopher  Webber).     Minnesota. 

Water-Sup.  and  Irr.  l»aper  no.  114,  U.  S.  Geol.  Survey,  pp.  226-232,  1  H- 
I)escpil)e8  the  underground-water  resources  of  the  Cambrian,  OrdoTlclan, 
Cretaceous,  and  Quaternary  rocks  of  the  State.  Describes  the  artesian 
basins  and  gives  a  innp  showing  their  distribution.  Notes  the  principal 
mineral  springs,  and  descrlljes  the  distribution  of  springs  In  general.  Lists 
the  principal  publications  referring  to  underground  waters  of  the  State. 

249  Hall  (M.  R.)  and  Hoyt  (John  C).     Report  of  progress  of  stream  measure- 

ments for  the  calendar  year  IJK)4:  Part  IV,  Santee.  Savannah, 
Ogeechee,  and  Altamaha  rivers  and  eastern  Gulf  of  Mexico  drain- 
ages. 

Water-Sup.  and  Irr.  Paper  no.  128,  r.  S.  GeoUSurvey,  168  pp. 

(;ives  description  and  discharge  of  Blue  (p.  120)  and  Cave  (p.  n'>) 
springs,  Georgia. 

250  Johnson  (E.,  jr.),  and  Hoyt  (John  C).     Report  of  progress  of  stream 

measurements  for  the  calendar  year  191)4 :  Part  V,  Eastern  Missi'^- 
sil)I)i  River  drainage. 

Water-Sup.  and  Irr.  Paper  no.  128,  V.  S.  (leol.  Survey.  168  pp. 

Describes  and  gives  dlschnrge  of  Big  Springs,  Alabama  (p.  152). 

251  Halse    (Edwjird).     The  occurrence   of  i)el)blcs.   c<mcretions,   and   cougloui- 

erate  In  metnllifenms  veins. 

Bimonthly  Bull.  Am.  Inst.  Min.  Eng.    no.  4,  pp.  710-742.  13  figs. 

(\>ntalns  a  de.scrlptlon  of  the  agency  of  waters  i>ercolatlng  along  fracture 
planes  In  the  decomposition  of  rocks  and  giving  rise  to  concentric  struc- 
tures which  subsofiucntly  become  rounded  by  attrition,  and  are  finally 
cementeil  together  l)y  the  aid  of  mineralized  thermal  solutions. 

252  Hamlin   (Homer).     Undcrll(»w  tests  in  the  drainage  basin  of  Los  Angeles 

River. 

Water-Sup.  and  Irr.  Paper  no.  112,  T'.  S.  (ieol.  Survey,  55  pp. 

Discusses  the  occurrence  of  ground  waters,  nature  of  water  table,  and 
fluctuations  and  movements  of  the  water  body  (pp.  0-11).  Describes  under- 
flow tests  Including  location  of  wells,  metliods  of  driving  and  drilling, 
machinery  and  materials,  well  [mints,  underflow  meter,  charging  of  wells, 
nu»asurement  of  velocity,  etc.  (pp.  11-20),  :ind  gives  summary  (p.  53). 
Porosity,  packing,  and  capacity  of  sediments  are  considered  (pp.  20-81). 
and  records  of  actual  tests  given  In  detail  ipp.  33-53).  Many  local  well 
records  are  given  by  diagram. 

2i)[\  Hammond  (G.  A.).     Diamond-drill  methods. 

Water-Sup.  and  Irr.  Paper  no.  14(».  V.  S.  (leol.  Survey,  pp  78-80. 
Describes  apparatus  and  methods  of  worlc  under  different  conditlom:. 

254  Haney    (J.   (J.).     Irrigation  experiments   at   Fort   Hays,   Kans.,   1903  and 
19()4. 

Bull.  Office  Kxp.  Sta.,  V.  S.  Dept.  Agr.,  no  15S,  pp.  ,->()7-583. 
Describes  experiments  In  using  wells  for  irrigation  ;  discusses  methods  of 
drilling  and  pumping  and  cost  of  wells,  and  relations  to  geology. 
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inna  (F.  W.).    The  Irregular  flow  of  rivers  in  humid  prairie  States. 

Eng.  News,  vol.  54,  pp.  118-119. 

Pasturage,  drainage,  and  cultivation  has  resulted  In  an  increase  of  the 
amount  of  rainfall  running  off  from  the  surface  and  a  decrease  in  the 
amount  of  ground  water  which  escapes  Into  the  streams,  and,  therefore, 
causing  great  irregularity  In  the  flow  of  the  rivers. 

irris  (Gilbert  D.).     Underground  waters  of  southern  Louisiana. 
Bull.  Louisiana  Geol.  Survey  no.  1,  pp.  1-77,  7  pis.,  12  figs. 
Discusses  the  origin  of  the  artesian  and  deep-well  waters,  gives  detailed 
well  statistics,  discusses  variation  In  flow  and  pressure  head,  methods  of 
well  drilling  and  pumping,  and  gives  records  and  analyse?. 

irrison  (Virgin  I  us).     Mineral  waters. 

Bull.  Virginia  Hosp.,  vol.  1,  no.  8,  pp.  41-45. 

Discusses  briefly  the  origin  of  mineral  waters  and  the  origin  of  thermal 
springs ;  gives  Crook's  classification  according  to  composition,  and  outlines 
their  therapeutic  uses. 

trroun  (Philip  E.).    The  waterworks  of  Porterville,  California. 

Trans.  Am.  Soc.  Civil  Eng.,  vol.  54,  pp.  235-279,  pis.  19  and  20,  5  figs. 
Describes  the  wells  furnishing  the  water  supply  as  to  size,  depth,  loca- 
tion, materials  passed  through,  etc.  Describes  leakage  of  oil  from  fuel-oU 
storage  tank,  resulting  In  contamination  of  the  ground  water  and  conse- 
quent pollution  of  the  city's  supply.  In  the  discussion  attached  to  this 
article  II.  F.  Dunham  discusses  the  pollution  of  well  waters  and  Mr. 
Harroun  describes  the  Herron  perforator  for  perforating  well  casings  In 
place. 

itch  (Frederick  H.)  and  Corstorphine  (George  S.).  The  origin  of  the 
Witwatersrand  gold.     [Transvaal.] 

Eng.  and  Min.  Jour.,  vol.  79,  pp.  80-81. 

Discusses  the  agency  of  underground  water  in  formation  of  the  aurifer- 
ous deposits. 

itcher  (J.  B.),  Stanton  (Timothy  W.)  and.  Geology  and  paleontology 
of  the  Judith  River  beils. 

Bull.  U.  S.  Oeol.  Survey  no.  257,  pp.  1-66. 

See  Stanton  (Timothy  W.)  and  Hatcher  (J.  B.). 

iworth  (Erasmus),  Schrader  (F.  C.)  and.  Oil  and  gas  of  the  Independ- 
ence quadrangle,  Kansas. 

Bull.  U.  S.  Geol.  Survey  no.  260,  pp.  446-458. 
See  Schrader  (F.  C.)  and  Ha  worth  (Erasmus). 

lyes  (C.  Willard).  Contributions  to  economic  geology,  1904;  introduc- 
tion. 

Bull.  U.  S.  CJeoI.  Survey  no.  260,  pp.  11-18. 

Gives  list  of  folios  containing  discussions  of  underground  and  artesian 
waters,  mineral  springs,  etc. 

izelhurst  (J.  N.).  Sanitary  engineering  in  the  South  and  the  labor 
question. 

Eng.  News,  vol.  HI,  pp.  204-205  ;  Municipal  Engineering,  vol.  29,  pp.  249- 
252. 

Notes  the  dlfflcnlty  of  construction  of  sewage-discharge  works  at  New 
Orleans  duo  to  the  complete  saturation  of  the  ground  at  nil  points  beneath 
the  surface;  considerable  attention  Is  given  to  the  subject  of  infiltration  of 
ground  water  into  tlie  sewer  pipes  and  the  danger  of  overcharging  the  same 
by  excessive  infiltration  of  ground  water. 
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264  Headden  (William  P.).    The  Doughty  Springs,  a  group  of  radimn-bearin^ 

springs  on  the  North  Fork  of  Gunnison,  River,  Delta  County, 
Colorado. 

rroc.  Colorado  Scl.  Soc.,  vol.  8,  pp.  1-30,  6  pis. 

A  very  complete  description  of  the  location,  geology,  deposits,  flow,  com- 
position of  the  water  (many  analyses  being  given),  temperatures,  etc..  of 
these  springs.  Describes  the  deposition  of  barium  sulphate  from  tbe 
spring  water.  Describes  the  tests  made  to  show  the  presence  of  radlam  in 
the  deposits  of  the  springs,  and  reproduces  several  photographs  showing 
the  action  upon  photographic  plates  of  the  sinter  deposited  by  the  spring 

265  Mlneralogicai  notes,  no.  II. 

Proc.  Colorado  Sci.  Soc,  vol.  8,  pp.  55-70. 

Discusses  the  origin  of  the  aluminum  sulphate  occurring  in  the  Alum 
Spring,  Delta  County,  Colo.,  and  gives  analyses  of  deposits  of  alunogen 
occurring  In  the  vicinity  of  the  springs  (pp.  62-6C).  Gives  a  description 
and  analysis  of  a  hydrated  basic  alumlnlc  sulphate  deposited  by  the  action 
of  alkaline  spring  waters  upon  spring  waters  carrying  alumlnlc  sulpbite 
In  solution  at  Doughty  Springs,  Delta  County,  Colo.  (pp.  66-67). 

I 

266  Hearn  (W.  Edward)   and  Carr   (M.  E.).     Soil  survey  of  the  Biloxl  area. 

Mississippi.  I 

Field  Operations  of  the  Bureau  of  Soils,  1004,  U.  S.  Dept.  Agr.,  pp.  353-      j 

374,  1  map.  1  flg. 

Mentions  flowing  artesian  wells  In  the  area   (pp.  358-350). 

267 and  Griffin  (A.  M,).     Soil  survey  of  the  Alma  area,  Michigan. 

Field  Operations  of  the  Bureau  of  Soils,  1004,  U.  S.  Dept.  Agr.,  pp.  6^^ 
064.  1  map,  1  flg. 

Mentions  occurrence  of  artesian  and  ordinary  wells,  and  depths  to  w^^^^ 
(p.  044). 

267a  Henderson  (C.  U.),  Maury  (Dnbney  H.),  Burdick  (C.  B.),  and.     Repc^^ 

of  the  committee  on  waterworks. 

Twentieth  Ann.  Kept.  Illinois  Soc.  Eng.  and  Surv.,  pp.  132-130. 
See  Maury  (Dabney  II.),  Burdick  (C.  B.),  and  Henderson  (C.  R.). 

268  Hill  (John  W.).     The  Torresdale  conduit  [Philadelphia,  Pa.]. 

.lour.  Franklin  Institute,  vol.  150,  pp.  241-207,  pis.  1-30.     Also  In  Pro^' 
Eng.  Club  of  Phlla..  vol.  22,  pp.  120-180. 

Describes  the  encountering  of  water  In  diamond-drlll  borings  and  In  rocK 
and  gravel  excavations  along  the  line  of  tbe  conduit ;  discusses  the  level  o€ 
ground  water,  tbe  leakage  of  ground  water  Into  the  sewer,  the  head  and 
leakage  of  ground  water  In  the  case  of  the  .Jersey  City  conduit  and  severs  1 
conduits  In  New  York  State ;  discusses  briefly  the  analyses  of  the  rock  and 
ground  waters  encountered   (no  analyses  given). 

209  Hill  (Robert  T.).     El  Oro  district.  Mexico. 

Eng.  and  MIn.  .Tour.,  vol.  70,  pp.  410-41.'^,  11  figs. 

Contains  a  discussion  of  the  agency  of  mineral-bearing  solutions  in  the 
formation  of  tbe  deposits. 

270  Source  of  volcanic  water. 

F^ng.  and  MIn.  Jour.,  vol.  80,  pp.   l.'^-H,  4  columns. 

DIscus.ses  (wo  theories:  (I)  That  tbe  volcanoes  are  fed  by  Inflltratton 
of  surface  waters,  and  (2)  that  tbe  water  Is  derived  from  the  gases  of  the 
earth's  Interior. 

271  Pole  and  the  evolution  of  the  Windward  Archipelago. 

Bull.  Oeol.  Soc.  America,  vol.  10.  pp.  243-288. 

Mentions  the  occurrence  of  warm  springs  (p.  248).  and  notes  the  part  of 
water  In  ore  deposition  (p.  278)  ;  describes  tbe  products  of  eruptions  and 
tbe  discharge  of  water  vapor  (pp.  250,  271)  ;  considers  the  part  of  water  in 
producing  eruptions  (pp.  280,  281.  287)  ;  ascribes  an  origin  of  the  water  of 
vulcanlsm  from  interior  gases  (p.  284),  and  quotes  Oelkle  (p.  286)  and 
Suess  (p.  288)  on  the  magmatlc  origin  of  waters  of  hot  spring  and 
volcanoes. 
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Inderlider  (M.  C.)  and  Hoyt  (John  C).  Report  of  progress  of  stream 
measurements  for  the  calendar  year  1904:  Part  VIII,  Platte,  Kan- 
sas, Meramec,  Arkansas,  and  Red  River  drainages. 

WaterSup.  and  Irr.  I»aper  no.  131,  U.  S.  Geol.  Survey,  203  pp. 
Describes  and  gives  discharge  of  Greer   (p.   178)    and  Meramec  springs 
(p.  123)   In  Missouri. 

—  Swendsen    (G.   L.),   and  Chandler    (A.   E.).     Report  of  progress  of 

stream  measurements  for  the  calendar  year  1904:  Part  X,  Colo- 
rado River  and  the  Great  Basin  drainages. 

Water-Sup.  and  Irr.  Paper  no.  133,  U.  S.  Geol.  Survey,  384  pp. 

Gives  discharge  of  Big  Springs,  Utah  (p.  364),  Heitmans  and  Monfrena 
springs,  Nevada  (p.  358),  and  describes  seepage  Investigations  In  Arizona 
(p.  48). 

Ltchcock  (A.  S.).     Alfalfa  growing. 

Farmers'  Bull.  no.  215,  U.  S.  Dept.  Agr.,  39  pp..  8  figs. 
Describes    Irrigation    of   alfalfa    by    artesian    wells,    streams,    etc.,    (pp. 
20-22). 

Ltchcock  (C.  H.).     Fresh-water  springs  in  the  ocean. 

Pop.  Scl.  Monthly,  vol.  67,  pp.  673-683,  3  figs. 

Describes  the  underground  waters  of  the  Hawaiian  Islands,  Cuba,  and 
Florida,  and  the  occurrence  of  fresh-water  springs  In  the  ocean  off  the 
coast  of  these  places. 

Ixon  (Hiram  W.).     Geology  of  the  Sudbury  district 
Kng.  and  MIn.  Jour.,  vol.  79,  pp.  334-335,  1  fig. 

Letter  to  the  editor  in  reply  to  article  of  A.  P.  Coleman.  Defends  his 
statements  that  the  nickel  ores  of  this  district  were  deposited  from  under- 
ground waters. 

—  Volcanoes  and  earthquakes. 

Eng.  and  MIn.  .Tour.,  vol.  79.  p.  1245. 

The  author  ascribes  these  phenomena  to  the  escape  of  the  water  of  com- 
bination held  in  the  Igneous  core  of  the  earth. 

—  The  Sudbury  di.strict. 

Eng.  and  MIn.  Jour.,  vol.  80,  pp.  11(^-117. 

Discusses  the  agency  of  heated  thermal  waters  from  Igneous  magmas  in 
the  formation  of  ore  deposits,  and  quotes  C.  V.  Corless  to  show  the  origin  of 
the  Sudbury  deposits  to  be  due  to  deposition  from  mineralizing  solutions. 

abbs  (William  Herbert).  Origin  of  the  channels  surrounding  Manhattan 
Island,  New  York. 

Bull.  (ieol.  Hoc.  America,  vol.  16.  pp.  151-182. 
Gives  several  sections  based  on  iwrings. 

—  The  configuration  of  the  rock  floor  of  Greater  New  York. 

Bull.  U.  S.  (Jeol.  Survey  no.  270,  96  pp..  5  pis.,  6  flgs. 
Complies  1,424  records  of  wells  and  borings,  giving  depths  to  bed  rock 
and  occasionally  more  complete  records. 

3lli8ter  (George  H.).     Waters  of  a  gravel-fllled  valley  near  Tully,  N.  Y. 

Water-Sup.  and  Irr.  Paper  no.  145,  U.  S.  Geol.  Survey,  pp.  179-184. 

Describes  the  occurrence  and  composition  of  the  ground  waters  of  a  deep 
valley  deposit  of  glacial  gravels,  and  gives  analyses  of  spring  wa ten^  The 
deposits  are  typical  of  their  kind,  and  occur  at  many  points  In  New  York 
and  New  England.  The  discharge  and  tufa  deposits  of  the  springs  are  also 
described. 
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282  Holmes  (J.  Garnett)  nnd  Neill  (N.  P.).  Soil  survey  of  the  Greeley  area. 
Colorado. 

Field  OperatloDB  of  the  Bureau  of  Soils,  1904,  U.  8.  Dept.  Art.,  pp.  951- 
908,  1  map.  1  flg. 

DiHcusscs  briefly  the  relation  of  underground  and  seepage  waters  to 
Irrigation  (pp.  983-984). 

283 and  others.    Soil  survey  of  the  Yuma  area,  Arizona-California. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  V.  S.  Dept.  Agr..  pp.  lO^r*- 
1047,  2  maps,  1  flg. 

Discusses  briefly  the  occurrence  of  underground  and  seepage  waters  ^'^ 
their  effect  on  nlkall  (p.  1043). 

\ 

284  and  others.     Soil  survey  of  the  San  Bernardino  Valley.  California. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  IT.  S.  Dept.  Agr.,  pp.  1^-^*^ 
1151,  1  map,  1  flg. 

Describes  the  geologic  occurrence  of  artesian  water  and  *'  pumped  wat^^,^^^. 
In  gravel    (pp.  1122-1123),  and  use  for  irrigation   (pp.  1142-1143).     ^^  «. 
cusses  seepage  waters  and  Injurious  effect  on  agricultural  conditions    ^ 
1141-1142). 

285  Horton  (Uol)ert  E.).     The  drainage  of  ponds  Into  drilled  wells. 

Water-Sup.  and  Irr.  l*aper  no.  145,  U.  S.  Oeol.  Survey,  pp.  30-39.  ^^ 

Describes  the  drainage  of  ponds  and  swamps  In  kettle  holes,  etc.,  of  r""^^ ^ 
drift  regions  of  Michigan  Into  drilled  wells,  and  discusses  the  undergrou^'^ 
conditions,  methods,  cost,  and  capacity  of  the  wells,  and  gives  examples 
their  successful  application. 

280 Iiui)ortan(*e  of  general  hydrographle  data  conc^ernlng  haslns  of  strean^^ 

gaged. 

Water-Sup.  and  Irr.  Paper  no.  140,  V.  S".  Geol.  Survey,  pp.  87-89. 
Points  out  necessity  of  knowledge  of  soils  and  rocks  and  their  absorptlvi^ 
capacities. 

287  Hove  (A.  M.).     The  Tews  Valley  [Texas  and  New  Mexicol. 

Forestry  and  Irrigation,  vol.  11,  pp.  43,'^-435,  2  figs. 

Mentions  the  use  of  artesian-well  water  In  Irrigation,  and  a  photograph 
given  shows  an  artesian  well  In  New  Mexico  with  a  flow  of  3,000  gallons  a 

uiinnte. 

288  Hovey  (Kdniond  Otis).     The  western  Sierra  Madre  Mountains. 

Science,  new  ser..  vol.  21.  pp.  ri8r»-.'>S7. 

Mentions   shallow    wells    which    obtain    w.iter    from    underground    water 
courses  for  copper  smelters  at   Douglas,  Ariz.    (p.  586.). 

289  Hovey  (Ilonice  (\).     Strange  mazes  and  chasms  in  Mannnoth  Cave. 

Scl.  Am.  Supp..  vol.  i\i),  pp.  240HO   24()S1.  2  tigs. 

Description  of  explorations  made  in   1850,   18(J3,  and   1905  In   Mammoth 
Cave.  Kentucky. 

2iM)  Howarth  (().  II.).     Vein  structure. 

Mines  and  Minerals,  vol.  25,  pp.  .'{Of^-.'tTl,  5  tigs. 

Discusses  the  agency  of  underground  water  in  the  formation  of  veins. 

21)1  Hoyt  (.lohn  ('.),  Babb  (Cyrus  C.)  and.  Report  of  progress  of  stream 
measurements  for  the  calendar  year  19<)4;  Dart  VII,  Hudson  Bay, 
Minnesota,  Wapsiplnicon.  Iowa,  Des  Moines,  and  Missouri  River 
drainages. 

Water-Sup.  and  Irr.  Paper  no.  l.'io,  V.  S.  (Jeol.  Survey,  204  pp. 

See  Babb  (Cyrus  C.)  and  Hoyt   (.Tohn  C). 
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1292  Hoyt  (John  C),  Hall  (M.  R.)  and.  Report  of  progress  of  stream  measure- 
ments for  the  calendar  year  1904;  Part  IV^,  Santee,  Savannah, 
Ogeechee,  and  Altamaha  rivers  and  Eastern  Gulf  of  Mexico  drain- 
ages. 

Water-Sup.  and  Irr.  Paper  no.  127.  U.  S.  Geol.  Survey,  192  pp. 

See  Hall   (M.  R.)  and  Hoyt  (John  C). 

293  Hall  (M.  R.),  Johnson  (E.,  jr.)  and.     Report  of  progress  of  stream 

measurements  for  the  calendar  year  1904 ;  Part  V,  Eastern  Missis- 
sippi River  drainage. 

Water-Sup.  and  Irr.  Paper  no.  128,  TI.  8.  Geol.  Survey,  168  pp. 

See  Hall  (M.  K.),  Johnson   (E.,  Jr.),  and  Hoyt  (John  C). 

Ii94  Hinderlider  (M.  C.)  and.  Report  of  progress  of  stream  measure- 
ments for  the  calendar  year  1904;  Part  VIII,  Platte,  Kansas, 
Meramec,  Arkansas,  and  Red  River  drainages. 

Water-Sup.  and  Irr.  Paper  no.  131,  U.  S.  Geol.  Survey,  203  pp. 

See  Hinderlider  (\f.  C.)  and  Hoyt  (John  C). 

295  Taylor  (T.  U.)  and.     Report  of  progress  of  stream  measurements  for 

the  calendar  year  1904 ;  Part  IX,  Western  Gulf  of  Mexloo  and  Rio 
Grande  drainages. 

WaterSup.  and  Irr.  Paper  no.  132,  TI.  S.  Geol.  Survey,  132  pp. 

See  Taylor  (T.  U.)  and  Hoyt  (John  C). 

296  and  Wood   (B.  D.).     Index  to  the  hydrographlc  progress  reports  of 

the  United  States  Geological  Survey,  1888-1903. 

Water-Sup.  and  Irr.  Paper  no.  119,  r.  8.  Geol.  Survey,  253  pp. 

This  is  a  place  index,  and  althoujirh  the  discharges  of  a  number  of  springs 
are  given  they  can  l>e  found  only  when  name  of  spring  Is  known. 

297  Hulbert  (H.  B.).     The  Island  of  Quelpart  [Asia]. 

Bull.  Am.  Geog.  Soc.  vol.  37,  pp.  306-408,  1  fig. 

Mentions  the  occurrence  of  a  mountain  spring  known  as  the  "  Bushel 
well,"  and  gives  a  legend  relating  to  It. 

298  fiuntington  (Ellsworth).     The  depression  of  Sistan,  in  eastern  Persia. 

Bull.  Am.  (ieog.  Soc.  vol.  37,  pp.  271-281,  2  flgs. 

Notes  the  location  of  wells  In  dry  stream  beds  where  the  water  was  only 
a  few  feet  below  the  surface  (p.  276). 

299 The  mountains  and  kibitkas  of^ian  Shan  [Asia]. 

Bull.  Am.  Geog.  Soc,  vol.  37.  pp.  513-530,  2  flgs. 

Descril)e8  the  occurrence  of  springs  and  ascribes  their  origin  to  water 
under  artesian  pressure  in  glacial  gravels.  A  figure  is  given  to  show  the 
conditions. 

;iOO A  geologic  and  physiographic  reconnaissance  in  central  Turkestan. 

Explorations  In  Turkestan,  with  an  account  of  the  basin  of  eastern  Persia 
and  Sistnn — Carnegie  Institution  of  Washington,  pp.  157-21(5,  29  flgs. 

Notes  numerous  large  springs  from  gravel  In  Bokhara  (pp.  180-181). 
Describes  springs  near  Shor  Kul  and  explains  the  artesian  conditions  giv- 
ing rise  to  these  springs  (pp.  210-213). 

301  The  basin  of  eastern  l*ersia  and  Sistan. 

Explorations  in  Turkestan,  with  an  account  of  the  basin  of  eastern  Persia 
and  Sistan — CarneKie  Institution  of  Washington,  pp.  217-317,  25  flgs. 

Notes  the  use  of  springs  and  subterranean  drainage  tunnels  In  the  Irri- 
gation of  eastern  Persia  (pp.  22(5,  304,  305).  Mentions  absorption  of 
water  of  streams  by  gravels  (pp.  247,  240,  252,  27(5).  Quotes  Iloldlch,  who 
ascril>es  the  waterless  conditions  of  iK)rtIons  of  southern  Baluchistan  to  a 
gradual  exhaustion  of  the  subterranean  supply  (p.  303).  Quotes  Sykes  to 
show  that  In  the  higher  mountains  of  this  corner  of  Persia  water  can 
usually  be  found  by  digging  In  the  water  courses  (p.  304).  Notes  existence 
of  brackish  water  in  wells  in  the  desert  at  a  depth  of  5  feet  (pp.  304,  305). 
Legends  relating  to  the  drying  up  of  the  springs  are  given   (pp.  3i2-314\.^ 
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302  Ing^B  (O.  L.).    Present  and  prospective  sanitation  of  Manila. 

Trans.  Assoc.  Civil  Eng.  of  Cornell  Univ.,  pp.  105-112. 

Gives  the  ground-water  Infiltration  into  the  sewers  of  Manila  as  1,250,000 
gallons  per  square  mile  per  day.  Notes  that  all  sewers  are  laid  at  a  con- 
siderable distance  below  sea  level  in  soil  saturated  with  water. 

303  Irrigation.     Bonita  Valley  [Colorado]. 

Irrigation,  vol.  2.  pp.  3-4,  1  fig. 

Notes  the  existence  of  numerous  wells  10-70  feet  deep  in  the  valley 
furnishing  water  for  domestic  use  the  year  round. 

304 Roswell  artesian  basin. 

Irrigation,  vol.  2,  no.  5,  p.  5. 

Describes  the  location,  character  of  rocks,  artesian-water  horisons,  source 
of  supply,  depth  of  wells,  pressure,  and  decrease  In  flow  of  the  Roswell  arte- 
sian basin,  in  the  Pecos  Valley,  New  Mexico. 

305 [Irrigation  by  artesian  flow]. 

Irrigation,  vol.  2,  no.  5,  p.  17. 

Notes  the  use  of  the  underflow  for  Irrigation  in  Colorado. 

306 Idaho's  bounteous  water  supply. 

Irrigation,  vol.  3,  no.  5,  pp.  5-6,  1  flg. 

Describes  the  numerous  springs  issuing  from  water-bearing  beds  out- 
cropping In  the  Snake  River  Canyon.  Notes  the  existence  of  hot,  fissure 
springs  on  the  Snake  River  plains.  Mentions  the  use  of  the  spring  water 
for  Irrigation. 

307 Wyoming  farmers  are  prosperous. 

Irrigation,  vol.  3,  no.  5,  pp.  13-14. 

Mentions  a  flowing  well  1.000  feet  deep  near  Laramie.  Wyo.,  and  notes 
the  existence  of  many  wells  in  this  section,  the  water  of  which  Is  used  for 
stock  and  domestic  and  irrigation  purposes. 

308  How  land  is  prepared  for  irrijjation  and  water  ai)plied  for  crops. 

Irrigation,  vol.  4.  no.  2,  pp.  3-5,  3  figs. 

Notes  the  rse  of  spring  water  In  Irrigation  in  Scott  County,  Nebr.   (p.  5). 

309  Irrigation  Age.     [Artesian  water  1ii  the  Pectus  Valley,  New  Mexico.! 

Irrigation  Age,  vol.  20.  p.  88. 

Notes  the  existence  of  nn  Inexhaustible  supply  of  water  underlying  the 
desert  land  in  this  vicinity. 

310 Artesian  wells. 

Irrigation  Age,  vol.  20.  p.  174. 

Describes  the  obtaining  of  flowing  wells  und  their  use  in  the  Irrigation 
of  the  Snake  River  lands,  idnho. 

311  South  Dakota  irrigation. 

Irrigation  Age,  vol.  20,  p.  21«. 

Describes  results  attained  by  Irrigation  from  an  artesian  well  with  a 
flow  of  n.'^O  gallons  per  minute. 

312  Measuring  the  flow  in  iniderground  streams. 

Irrigation  Age,  vol.  20.  p.  233,  2  figs. 

Descrll)es  electrical  method  of  Prof.  C.   S.  Sllchter. 

313  A  neglected  opi)ortunity  in  arid  reclamation. 

Irrigation  Age,  vol.  21,  p.  Hi. 

I)escrll>es  the  dIsapiK'arance  of  numerous  streams  in  Idaho  In  passing 
over  gravel  deposits,  and  states  that  the  dlvorsion  of  canals  from  these 
streams  would  result  In  an  appreciable  saving  of  water. 
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ig^tion  Age.     Prei)aring  land  for  irrigation  and  methods  of  applying 
water. 

Irrigation  Age,  vol.  21,  pp.  24-26. 

Describes  the  use  of  springs  In  irrigation  In  Scott  County,  Nebr. 

—  Lake  View  ranch  [Frio  Co.,  Texas]. 

Irrigation  Aid,  vol.  2,  no.  4.  pp.  10-11,  15. 

I>e8crll)e8  a  well  which  furnishes  water  for  Irrigation,  and  describes 
pumping  tests  made  upon  it. 

—  San  Marcos  [Texas]. 

Irrigation  Aid,  vol.  2.  no.  6,  pp.  2-12.  9  figs. 

Contains  a  description  of  the  flowing  well  at  the  United  States  Fish  Cul- 
ture stath>n  at  this  place. 

rigation  Aid.     Ho  Ua  Coini)any's  pumping  plants. 
Irrigation  Aid,  vol.  1.  no.  5,  p.  16. 

Descrll)e3  one  of  the  wells  of  this  company  and  the  effect  of  pumping 
upon  the  level  of  the  water  In  the  well.  , 

—  Irrigating  from  wells  near  Cotulla  [Texas]. 

Irrigation  Aid.  vol.  l.  no.  r».  p.  2.S. 

Descrll^es  a  well  22.j  feet  deep,  the  wat?r  of  which  is  used  for  irrigation. 

—  Pumping  at  Centeriwint  [Texas]. 

Irrigation  Aid.  vol.  1.  no.  5,  p.  2.3. 

Describes  a  well  225  feet  deep,  the  water  from  which  Is  used  for  Irri- 
gation. 

—  In  the  r>evine  country  [Texas]. 

Irrigation  Aid,  vol.  2,  no.  2.  pp.  4-7. 

Describes  several  wells  in  this  section,  the  water  of  which  Is  used  for 
irrigation. 

—  Kingsvllle  |  Texas]. 

Irrigation  Aid,  vol.  2,  no.  3,  pp.  5-7,  17-19,  1  fig. 
DescrilKJs  several  flowing  wells  In  this  i*eglon. 

—  Falfurrlas  |  Texas]. 

Irrigation  Aid,  vol.  2,  no.  4,  pp.  4-7. 

Describes  several  flowing  wells  which  furnish  water  for  Irrigation. 

—  Artesia  [Texas]. 

Irrigation  Ai<l.  vol.  2,  no.  5,  pi).  4-6. 

Descrll)es  Kpveral  flowing  wells  which  furnish  water  for  Irrigation 
purposes. 

—  Weils. 

Irrliratlon  Aid.  vol.  2.  no.  5.  pp.  21-22. 

A  brief  <b's<rlpf Ion  of  dug,  driven,  and  drilled  or  l)ored  wells. 

—  LalvC  VUnv  ranch  |  Frio  Co.,  Texas]. 

Irrl^'Jition  Aid.  vol.  2.  no.  (J.  pp.  12-15. 

l)os(rllH\s  a  well  whbb  furnishes  water  for  Irrigation,  and  describes 
pumi)inir  tosts  iipoii  it.  Notes  that  water  can  be  obtained  In  the  vicinity  of 
Dilloy  at  a  depth  of  40-60  feet. 

—  Red  Uivcr  project   [Oklahoma]. 

Irrigation  Aid.  vol.  .".,  no.  4.  pp.  18-19. 

Mentions  thn'e  salt  springs  which  flow  Into  Elm  Fork,  a  branch  of  the 
North  Fork  of  Red  Uiver. 

^dng  (John  I)iu»r).     Ore  (leiM)sits  of  the  Ouraj'  district,  Colorado. 

Hull.  r.  S.  (ieol.  Survey  no.  200,  pp.  50-77. 

Considers  part  of  ground  water  In  ore  deposition  (pp.  65»  69-71,  T^S. 
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328  Irving  (Jolm  Duer).    The  ore  deposits  of  the  Ouray  quadrangle,  Colorado.       :■  X 
Alwtract :  Science,  new  ser.,  vol.  21,  pp.  916-917. " 
(fives  theory  of  origin  due  to  ascension  of  alkaline  waters  and  replace- 
ment of  quartslte  along  Assures. 


329  Jackson  (Daniel  D.).    The  normal  distribution  of  chlorine  in  the  natural 

waters  of  New  York  and  New  England. 

Water-Sup.  and  Irr.  Paper  no.  144,  U.  S.  Oeol.  Survey,  31  pp.  I 

Notes  the  influence  of  {geologic  deposits  on  chlorine  in  inland  States  (P- 

10),  and  furnishes  chlorine  maps  and  tables  showing  source  of  waters  e^' 

amined    (lakes,  streams,  ponds,  and  wells)   for  eaeh  of  the  New  Eogl^^^ 

States  and  New  York. 

330  Jaggar    (Thomas   A.,   jr.)    and    Palache    (Charles).    Description   of  ^^ 

liradslmw  Mountains  quadrangle  f  Arizona  1. 

Geologic  Atlas  V.  S..  folio  120,  V.  S.  Geol.  Survey,  11  pp.,  4  maps.  1  l^**® 
sheet. 

Descril>es  deposits  of  travertine  and  onyx  breccia  formed  by  hot  sprl^*** 
(p.   .S).     Notes   the   use  of  mine   water  and  springs  for  mine  operatt^^        ' 
(p.  11). 

331  James  (George  D.).    Notes  on  Death  Valley  and  the  Panamint 

Eng.  and  Mln.  Jour.,  vol.  80,  pp.  914-918,  7  figs.,  1  map.  ^ 

Furnishes  map  showing  the  location  of  the  springs  in  this  district.     No^  ^, 
the  absorption  of  water  \yy  sands  and  gravels  and  its  subsequent  reappe.^^|9 
ance  in  wells  and  springs,  and  states  that  the  water  from  the  springs 
good. 

332  Janin  (George).     The  Montreal  waterworks  [Quebec]. 

Municipal  Engineering,  vol.  29,  pp.  278-280.  • 

Notes  the  Kupplying  of  the  city  about  1800  by  springs  from  Mount  Roya 

332a  Jensen  ((^harlos  A.)  and  Mackie  (W.  W.).    Soil  survey  of  the  Baker  Cit?^^ 

nroa,  Oregon. 

Field    Operations   of    the    lUireau   of    Soils,    lOO.H,    U.    S.    Dept.    Agr.,    pp     - — 
1151-1170.  1   Hj;.,  4  maps. 

Discusses   the   Influence  of   irrigation    In    raising   the  ground-water    lever 
and  In  rendering  the  soil  In  many   localities  highly  alkaline.     Methods  of^ 
drainage  for  alkaline  tracts  are  proposed. 

3.'J3  and  Strahorn  (A.  T.).     Soil  survey  of  the  Bear  Klver  ai*ea,  Utah. 

Field  ()i)eratlons  of  the  Bureau  of  Soils.  1004,  I'.  S.  Dept.  Agr.,  pp.  995- 
lirj:{,  :\  maps.  1  fij;. 

Discusses  the  occurrence  of  underground  and  seepage  waters  (pp.  10i:t- 
1014),  furnishes  map  showing  depths  to  water  table  (map  40),  and  dis- 
cusses Its  relations  to  alkali  In  the  soil  (pp.  1014-1018).  Mentions  occur- 
rence of  springs  and  flowing  artesian  wells,  and  notes  their  usual  comiM>si- 
tlon  (p.  1(U8). 

'AM  Lapham  (Maey  II.)  and.  Soil  survey  of  the  Hakersfleld  area,  Cali- 
fornia. 

Field  Operations  of  the  Bureau  of  Soils,  1004.  V.  S.  Dept.  Agr.,  pp.  108f>- 
1114.  :{  maps,  1  tig. 

See  Lapham   (Macy  II,)  and  .Tensen   (Charles  A.). 

335  Johnson  (DouKhis  Wilson).  Relation  of  the  law  to  underground  waters. 
Water-Sup.  and  Irr.  Paper  no.  122,  U.  S.  (Jeol.  Survey,  55  pp. 
Discusses  the  common-law  rulings  concerning  underground  waters  moving 
by  general  percolation  or  definite  channels,  and  quotes  decisions  concerning 
the  same;  legislative  acta  passed  by  the  various  State  legislatures  for  the 
purpose  of  regulating  the  use  or  pollution  of  underground  waters  are  also 
given. 
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336  Johnson  (E.,  Jr.)t  Hall  (M.  R.),  and  Hoyt  (John  C).    Report  of  prosn*e88 

of  stream  ineasurementH  for  the  calendar  year  1904 :  Part  V,  East- 
em  Mississippi  River  Drainage. 

Water- Sup.  and  Irr.  Paper  no.  128,  U.  S.  Geol.  Survey,  168  pp. 

See  Hall  (M.  R.),  Johnson  (E.  Jr.),  and  Hoyt  (John  C). 

337  Johnson  (L.  C).     Mississippi. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  170-178,  1  flg. 

Describes  water-bearing  strata  in  the  Carboniferous,  Cretaceous,  Tertiary, 
and  Pleistocene  formations.  Gives  a  list  of  mineral  springs  and  of  publi- 
cations relating  to  underground  waters  of  the  State. 

338  Johnson  (R.  D.  O.).    The  diamond  drill  in  Missouri. 

Eng.  and  Min.  Jour.,  vol.  80,  pp.  243-245. 

Describes  the  encountering  of  channels,  sometimes  water  bearing,  In 
which  the  water  fed  to  the  bit  fails  to  come  to  the  surface.  The  methods 
of  getting  by  these  openings  are  discussed. 

339  Lead  mining  in  southeastern  Missouri. 

Eng.  and  Min.  Jour.,  vol.  80,  pp.  481-482. 

Contains  descriptions  of  the  quantity  of  water  encountered  in  the  shafts 
of  this  district. 

340  Jones  (Helen  Lukens).     The  water  system  of  Pasadena. 

The  official  proceedings  of  the  Twelfth  National  Irrigation  Congress  at 
El  Paso,  Tex.,  November  15-18,  1904,  pp.   137-138. 

Discusses  the  water  supply  of  Pasadena,  Cal.,  derived  entirely  from 
pumping  wells,  and  states  methods  of  economy  in  use  of  water. 

341  Jones  (Jessie).     Corrosion  of  brass  and  bronze  by  mine  water. 

Metal  Industry,  vol.  3,  pp.  9,  171 ;  Mining  Reporter,  vol.  52,  pp.  623- 
624  ;  Chemical  Engineer,  vol.  2,  pp.  358-361. 

Contains  analyses  of  the  water  in  the  mines  of  the  I^high  and  Wilkes- 
barre  Coal  Company,  neur  Audenried,  Carbon  County,  Pa.,  and  descriptions 
of  tests  made  to  determine  the  effect  of  these  waters  upon  brass  and  bronze. 

342  Jones  (John  T.).     Unwatering  the  Hamilton  mine.     [Michigan.] 

Eng.  and  Min.  Jour.,  vol.  80,  pp.  867-868. 

Describes  the  encountering  of  a  water  cavern  while  drilling  in  one  of  the 
shafts,  the  ImmenRe  head  on  the  water,  the  drainage  of  water  from  higher 
level  of  a  near-by  mine,  the  subsequent  filling  of  both  mines  by  the  water, 
and  the  steps  taken  to  exhaust  the  contents  of  the  cavity,  after  which  the 
flow  of  water  was  normal. 

343  Journal  of  Geography.     The  Monarch  Geyser.     [New  Zealand.] 

Jour.  Geog.,  vol.  4,  p.  143. 

Brief  description  of  the  geyaer  Walmangu,  near  Hoturna,  New  Zealand. 
This  geyser  made  Its  appearance  two  years  ago  and  is  about  half  an  acre 
in  extent 


.144  Kansas,  State  Board  of  Health  of. 

Second  Biennial  lieport  or  the  Nineteenth  and  Twentieth  Annual  reports, 
from  January  1,  1903,  to  December  31,  1904,  182  pp. 

Discusses   the   eontamlnntion   of   well   water   at  Holton   by   sewage    (pp. 
70-71). 
345  Kearney    (Thomas    II.).     Agriculture   without   irrigation    in   the    Sahara 
Desert. 

Bull.  Bureau  of  IMant  Industry,  U.  S.  Dcpt.  Agr.,  no.  86,  27  pp.,  5  pis., 
1  fig.,  1  map. 

Notes  the  occurrence  of  thousands  of  shallow  wells  In  the  Souf  country. 
Describes  method  of  raising  water  by  means  of  bucket  and  pole ;  mentions 
occurrence  of  magnesium  water  in  some  regions,  and  gives  analysis  (pp. 
16-17). 
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340  Kearney   (Thomas  H.)   and  Means   (Thomas  H.)-    Agricultural  explot^' 
tioiis  in  Algeria. 

Bull.  Bureau  of  Plant  Industry,  U.  S.  Dept.  Agr.,  no.  80,  98  pp.,  4  pis. 

Refers  to  unsuccessful  attempts  to  And  artesian  water  in  the  High  I'^^' 
teau  region  (p.  16).     Mentions  large  subterranean  streams  in  the  sand9   ^ 
the  Sahara  region  and  their  utilization  In  the  creation  of  oases  (pp.  18,  3^^' 
Describes  the  original  method  of  sinking  wells  in  the  Oved  Rirh  region     ° 
the  Sahara  by  means  of  wooden  casing,  and  danger  to  diggers  owing      ^^ 
sudden  rise  of  water  (pp.  36-37).     Gives  history  of  artesian  boring  in   C^^^ 
Oved    Rlrh   region   and  great  value  of  the  flowing  wells    (p.   37).      Gi'*'"^** 
composition  of  the  water  (pp.  37-38)   and  states  injury  to  soil  by  depoi*^* 
tlon  of  soluble  salts  In  it. 

347  Keith    (Arthur).     Description  of  the  Mount  Mitchell  quadrangle   [Nor^^^ 
Carolina-Tennessee] . 

Geologic  Atlas  U.  S..  folio  124,  U.  S.  Geol.  Survey,  9  pp.,  4  maps,  1  co^ 
sect,  sheet. 

Mentions  deposition  of  pegmatite  from  mineralised  waters  (p.  3),  decoir:^^ 
position  of  rock  by  waters  circulating  along  schistose  planes  (p.  3),  an^^ 
alteration  of  dunlte  to  serpentine  by  Infiltrating  waters  (p.  4).  Refers  t«^ 
the  abundance  of  springs  (p.  9). 

348 Economic   geology   of   the   Bingham    mining   district,    Utah.     Part    1 

A  real  geology. 
Prof.  Paper  U.  S.  Geol.  Survey  no.  38,  pp.  27-70. 

Describes  alteration  of  limestone  through  action  of  underground  waters — ' 
circulating  along  fissures  (pp.  66-69). 

349  Keith  (N.  S.).     New  methods  in  the  metallurgical  treatment  of  copper  ores,    - 

Jour.  Franklin  Institute,  vol.  160.  pp.  147-155. 

Notes  the  existence  of  cupriferous  sandstones  in  New  Brunswick,  Con- 
necticut, New  York,  New  Jersey,  and  Pennsylvania,  the  quarts  grains  of 
which  are  cemented  together  by  silica  from  thermal  waters  carrying  silica 
in  solution.  The  silica  In  solution  Is  suggested  as  due  to  the  solvent  action 
of  the  thermal  waters  on  the  sand  Itself  while  lying  on  a  horlsontal  plane. 

350  Kellerman  (Karl  F.),  Moore  (George  T.)  and.     Copper  as  an  algicide  and 

dislnfcK?tant  in  water  supplies. 

Hull.  lUireau  of  Plant  Industry,  V.  S.  Dept.  Agr.,  no.  76,  55  pp. 
See  Moore  (George  T.)  and  Kellorman   (Karl  F.). 

351  Kemp    (James  Furnian).     The  copiKT  deposits  at  San  Jose,  Tamaulipas, 

Mexico. 

Hiraonthly  Bull.,  Am.  Inst.  Mln.  Eng..  no.  4.  pp.  885-910,  3  figs. 

In  discussing  the  genesis  of  these  deposits  the  writer  considers  the  part 
played  in  their  formation  by  nndepKround  waters. 

r>52 Secondary  enrichment  in  ore  deiH)slts  of  copper. 

Kcon.  (ieol.,  vol.  1,  pp.  11   33. 

Contains  a  numl»er  of  references  to  the  part  played  by  ascending  mng- 
matlc  watpps  and  by  descending  meteoric  waters  in  the  deposition  or 
enrichment  of  copper  ores. 

35.'^  Kerr  (Mark  B.).     Formation  of  ore  bodies  on  intersections. 

Mln.  and  Scl.  Press,  vol.  J>o,  pp.  L'."i:i-L*.'4.  4  tius.,  and  vol.  90,  p.  241. 
Descrllies    the    agency    of   underground    waters    in    the    formation   of   the 
deposits. 

354  Keyes  (('harle.s  Kollin).  Geology  and  underground-water  (*onditions  of  the 
Joranda  del  Muerto,  New  Mexico. 

Water-Sup.  and  Irr.  l*a|>er  no.  123,  V.  S.  (ieoi.  Survey,  42  pp. 

Describes  geologic  conditions  In  detail  and  discusses  the  occurrence  of 
underground  waters,  which  are  obtainecl  from  the  base  of  the  Red  Beds, 
from  the  Cretaceous  sandstones,  and  from  the  surface  gravels.  Analyses 
of  the  water  are  given  .(p.  30),  the  wells  descrll)ed  (p.  37),  the  artesian 
prospects  discussed  (p.  38),  and  the  possibility  of  Irrigation  from  well 
waters  considered  (p.  39). 


I 
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355  Kindle  (Edward  M.).     Salt  and  other  resources  of  the  Watkins  Glen  dis- 
trict. New  Yorlc. 

Bull.  U.  8.  Geol.  Surrey  no.  260,  pp.  567-572. 
Giyea  two  well  records  (pp.  56S-569). 

356 Water  resources  of  the  Catatonic  area,  New  York. 

Water-Sup.  and  Irr.  Paper  no.  145,  U.  8.  Geol.  Survey,  pp.  5»-57. 
Discusses  the  underground-water  conditions  in  the  drift  and  Devonian 
shales,  and  describes  the  artesian  wells  at  Ithaca  and  Slatervllle  and  the 
sulphur  and  other  mineral  springs  at  n  considerable  number  of  localities. 
The  water  is  supposed  to  come  from  the  Genesee  formation,  the  sulphur 
probably  coming  from  decomposing  pyrite. 

357  Xing  (Charles  R.).    The  Simplon  tunnel. 

Eng.  and  Min.  Jour.,  vol.  70.  p.  856. 

Contains  descriptions  of  the  underground  waters  encountered  in  the  con- 
struction of  the  tunnel  between  Switzerland  and  Italy. 

358  The  completion  of  the   Simplon   tunnel.      [Between   Switzerland  and 

Italy.] 

Sci.  Am.,  vol.  02,  p.  226.  8  Ogs. 

This  article  is  devoted  almost  entirely  to  a  description  of  the  springs 
encountered.     Photographs  of  several  are  given. 

359  The  completion  of  the  Simplon  tunnel.  * 

Sci.  Am.  Supp.,  vol.  59.  pp.  244.30-24432.  16  flgs ;  also  on  pp.  24452- 
24455.  9  flgs. 

A  very  complete  description  of  the  hot  springs  encountered,  their  tem- 
perature, volume,  pressure,  location,  etc..  forms  the  greater  part  of  these 
articles. 

360  King  (F.  H.).     Some  results  of  investigations  In  soil  managemenf^ 

Yearbook  T'.  S.  Dept.  Agr..  1903.  pp.  159-174. 

Discusses  porosity  and  capillarity  of  soils,  effect  of  plowing,  loss  of 
water  by  evaporation,  etc. 

301  Kingfsville  Spokesman.     Artesian  belt  [Texas]. 
Irrigation  Aid,  vol.  3.  no.  1.  p.  18. 
Describes  the  underground- water  conditions  of  southwestern  Texas. 

362  Kinney  (Br>-ce  A.).     Annual  report  of  the  State  natural-gas  supervisor. 

Twenty-ninth  Ann.  Kept.  Indiana  Dept.  Geol.  and  Nat.  Res.,  pp.  757-770. 
Gives  several  brief  records  of  gas  wells  (pp.  764-760). 

363  Knapp  (George  N.).     New  Jersey. 

Water-Slip,  and  Irr    Paper  no.  114.  U.  S.  Geol.  Survey,  pp.  93-103.  1  pi. 

Describes  underground-water  conditions  in  the  Appalachian  province,  crys- 
talline highlands  province.  Piedmont  province,  and  Coastal  Plain  province. 
Gives  geologic  sections  of  water-bearing  strata  (pi.  VI).  Summarizes  well 
statistics  in  the  Coastal  Plain  (pp.  9H-101)  ;  summarizes  water  resources, 
distribution  of  wells,  and  enumerates  mineral  springs  (p.  102),  and  lists 
the  principal  publications  (p.  103).- 

364  Knapp  (I.  N.).    Drilling  wells  in  soft  and  unconsolidated  formations. 

Stevens  Institute  Indicator,  January,  1905,  20  pp.,  11  flgs. 

Notes  the  existence  in  southern  California  of  vast  porous  reservoirs  of 
sand,  gravel,  etc.,  holding  immense  quantities  of  underground  water.  In 
the  development  of  these  Immense  supplies  the  *'  stovepipe "  method 
described  In  this  paper  was  developed. 

365  Knight  (Nicholas).     Notes  on  the  softening  of  Iowa  well  waters. 

Chemical  Engineer,  vol.  2,  pp.  89-9/»,  1  flg. 

Describes  Investigations  cf  the  softening  of  hard  water  from  a  well  in 
the  Niagara  magneslan  limestone  at  Mount  Vernon,  Iowa.  Several  analyses 
Hre  given,  .    . 
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366  Xraus  (Edward  H:).    On  the  origin  of  the  caves  of  the  Island  of  Pat-lQ* 
Bay,  Lake  Erie. 

Am.  Geologist,  vol.  35,  pp.  167-171. 

Notes  part  played    by  solution  of  gypsum  in  the  formation  of  the  cates 
(pp.  170-171).  1 

367 Occurrence  and  distribution  of  celestlte-bearing  rocks. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  10,  pp.  286-293.  5  figs. 

Gives  a  description  of  the  **  Crystal "  or  **  Strontium "  cave  on  *^* 
Island  of  I^it-ln-Bay,  Lake  Erie.  Notes  the  porous  nature  of  the  celest^^^ 
bearing  rocks  of  New  York  and  Michigan,  and  discusses  the  agei'^^ 
of  percolating  saline  waters  in  the  solution  of  the  celestlte.  Laf^* 
well-developed  crystals  of  celestlte  occur  in  craclLS  and  cavities  due  ^^ 
deposition  from  celestite-bearing  solutions. 

368  KUmmel  (Henry  B.).     A  report  upon  some  molding  sands  of  New  Jers^^" 
Ann.  Kept.  New  Jersey  Geol.  Survey  for  1904,  pp.  187-246.  1  fig. 
Discusses  factors  determining  porosity  and  permeability  of  sands   {^^' 
199-2^4). 

3(30  Additional  well  records. 

Ann.  Kept.  New  Jersey  Geol.  Survey  for  1904,  pp.  263-271. 
Gives  descriptions,  records,  class,  and  yield  of  about  30  wells. 


370  Ladd  (E.  F.).     Water  for  domestic  purposes  in  North  Dakota. 

Bull.  North  Dakota  Govt.  Agr.  Exp.  Stn.  no.  06,  pp.  557-571. 
Mentions  retiuirements  of  safe  well  water  as  regards  composition,  and 
gives  many  analyses  from  various  kinds  of  wells. 

371  La  Forge  (Laurence).     Water  resources  of  central  and  southwestern  high- 

lauds  of  New  Jersey. 

Wnter-Sup.  and  Irr.  Paper  no  110,  U.  S.  Geol.  Survey,  pp.  141-155. 

Describes  the  Schooley  Mountain  mineral  spring  and  gives  analysis  fp. 
148).  RnumerateH  towns  having  springs  and  wells  as  public  supply  and 
mentions  good  quality  of  the  water  (p.  151). 

372  Laird  (George  A.).     The  gold  mines  of  the  San  Pedro  district,  Cerro  de  San 

Pedro,  State  of  San  Luis  Potosl.  Mexico. 

Bimonthly  Bull.  Am.  Inst.  MIn.  Eng.,  no.  1,  January,  1905,  pp.  09-80.  5 
tables,  1  map. 

Concludes  that  the  deposits  were  originally  formed  and  the  upper  por- 
tions subsequently  enriched  by  the  action  of  underground  water. 

373  Lakes  (Arthur).     Organic  remains  in  ore  dei)osits. 

Kng.  and  Mln.  .Tour.,  vol.  79,  pp.   11*20-1227. 

Discusses  the  agency  of  mineral-bearing  solutions  In  the  preservation  of 
oijjanic  remains  and  the  Influence  of  organic  remains  in  the  precipitation 
of  minerals  from  solutions. 

374  Igneous  rocks  In  ore  deposition. 

I^:ng.  and  Mln.  .Tour.,  vol.  80.  p.  lOG. 

Contains  a  discussion  of  the  agency  of  Igneous  rocks  in  the  formation  of 
openings  along  which  ore-bearing  solutions  could  pass. 

375  OlMiupregnated  volcanic  dikes  In  Colorado. 

Mines  and  Minerals,  vol.  25,  p.  1^94,  .'i  figs. 

Notes  the  occurrence  of  springs  of  water  Issuing  at  the  sides  of  the  dikes. 

37()  Sketch  of  the  economic  resources  of  the  foothills  of  the  Front  Range  of 

Colorado. 

Min.  Reporter,  vol.  51,  pp.  522-524,  1  fig. 

Contains  a  brief  statement  of  the  artesian-water  resources  of  the  area. 
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377  Lakes  (Artbnr).    The  hot  and  mineral  springs  of  Routt  Ck)unty  and  Middle 

Park,  Ck)lorado. 

Min.  Reporter,  vol.  52,  pp.  438-439,  2  figs. 

The  springs  Issue  from  between  the  Dakota  sandstone  and  Colorado 
shales.     Descriptions  are  given  for  several  groups  of  springs. 

378  Lamb  (Richard).    Discussion  of  paper  entitled  "The  reclamation  of  river 

deltas  and  salt  marshes.*' 

Proc.  Am.  Soc.  Civil  Bng.,  vol.  31,  pp.  204-207. 

Quotes  Lyell  as  to  existence  of  vast  springs  in  the  Dismal  Swamp,  and 
describes  the  drainage  of  the  swamp  by  digging  wells  through  clays  form- 
ing the  bed  of  the  swamp  into  the  quicksands  beneath. 

379  Landes  (Henry).    Preliminary  report  on  the  underground  waters  of  Wash- 

ington. 

Water-Sup.  and  In*.  Paper  no.  Ill,  U.  S.  Geol.  Survey,  85  pp.  1  map. 

Describes  the  wells,  springs,  and  geologic  occurrence  of  the  waters  by 
counties,  the  use  of  spring  and  well  water  for  municipal  and  private  sup- 
ply, health  resorts,  and  Irrigation.  Gives  a  number  of  analyses,  and  dls 
cusses  the  compositions.  Gives  16  pages  of  tables  relative  to  representative 
wells,  springs,  and  municipal  supplies. 

380  Lane  (Alfred  C).    Transmission  of  heat  Into  the  earth. 

Ann.  Kept.  Michigan  Geol.  Survey  for  1903,  pp.  195-237,  6  figs. 
Mentions   method   of  deriving  depth   of   well   from   temperature  of  its 
water  (p.  195). 

381 Deep  borings  for  oil  and  gas. 

Ann.  Kept.  Michigan  Geol.  Survey  for  1903,  pp.  273-294,  1  flg. 
Gives  a  number  of  records,  discusses  the  divining-rod  delusion  as  applied 
i  to  water  (pp.  276-279),  and  mentions  occurrences  of  salt  water. 

382 Sixth  annual  report  of  the  State  geologist  to  the  board  of  the  Geologi- 

cal Survey  for  the  year  1904. 

Ann.  Rept.  Michigan  Geol.  Survey  for  1904,  pp.  113-168,  1  pi. 

Describes  the  occurrence  of  salt  water  in  an  oil  well  near  Allegan,  Mich, 
(pp.  164-165). 

383  Lapham  (Macy  H.).     Soil  survey  of  the  San  Jose  area,  California. 

Field  Operations  of  the  Bureau  of  Soils,  1903,  U.  S.  Dept.  Agr.,  pp. 
1183-1217,  1  fi^'.,  1  map. 

Deflnes  artesian  water,  water  table,  etc. ;  describes  irrigation  by  flowing 
and  nonflowing  artesian  wells ;  mentions  artesian  strata ;  describes  pump- 
ing plants,  relation  of  capillarity  to  rock  texture,  and  relation  of  seepage 
to  height  of  water  table  and  occurrence  of  alkali  (pp.  1204-1211). 

384  and  Jensen  (Charles  A.).  Soil  survey  of  the  Bakersfield  area,  Cali- 
fornia. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp.  1089- 
1114.  .H  maps.  1  fig. 

Describes  occurrences  of  underground  and  seepage  waters,  and  relation 
to  alkali  In  the  sell  (pp.  1107-llO.S).  Discusses  briefly  the  distribution  of 
artesian  wells,  pumping  plants,  and  use  of  the  water  for  domestic  purposes 
(pp.  1100-1107). 

385  and  Neill  (N.  P.).     Soil  survey  of  the  Solomonsville  area,  Arizona. 

Field  Operations  of  the  Bureau  of  Soils,  1903,  U.  S.  Dept.  Agr.,  pp.  1045- 
1070,  1  t]f:.,  1  map. 

Mentions  average  depth  of  wells  and  of  water  table;  describes  injurious 
effocts  of  alkali  In  waters,  Inferiority  of  deep-well  water,  gives  analysis, 
and  injurious  effect  of  seepage  (pp.  1062-1064), 
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386  Lapham  (Macy  H.)*  Boot  (Aldcrt  S.).  and  Mackie  (W.  W.).     Soil  sonrey 

of  the  Sacramento  area,  California. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  8.  Dept.  Agr..  pp.  1049- 
1087,  1  map.  1  flg. 

Describes  irrij^ation  from  pumped  wells  In  portions  of  the  area  (p.  1081). 

387  Lee  (Willis  Thomas).    Underground  waters  of  Salt  River  Valley,  Arizona. 

Water-Sup.  and  Irr.  Paper  no.  136,  U.  S.  Geol.  Survey,  196  pp. 

Tills  paper  starts  with  descriptions  of  deep  and  seepage  wells,  includ- 
ing volume,  cost,  interference,  materials  penetrated,  pumping  tests,  use  for 
irrigation,  and  analyses  of  the  waters,  and  gives  tables  showing  location, 
character,  depth,  diameter,  head,  volume,  permanency,  etc.,  of  wells. 
These  are  followed  by  chapters  on  geology  and  physiography,  after  which 
the  economics  of  the  supplies  are  considered.  The  character  of  the  water 
table  is  shown  by  a  contour  map.  The  fluctuations  of  the  latter  and  the 
underflow  of  Salt  River  and  the  valley  in  general  are  discussed  in  detmll. 
Much  of  the  water  is  in  bowlder  beds  representing  buried  stream  channels. 
Other  features  discussed  are  the  chemistry  of  the  waters,  the  occurrence, 
origin,  and  effect  of  salt  on  vegetation,  the  measurement  of  underflow  by 
the  Sllchter  underflow  meter,  the  available  water,  and  the  cost  of  pumping. 
The  discussion  of  the  origin  of  caliche,  a  calcareous  crust  formed  In  the 
sediments  some  distance  l>elow  the  surface,  is  of  much  interest. 

388  Leffmann  (Henry).     The  microsciM)ic  structure  of  building  stones. 

rroc.  Eng.  Club  of  rhlladelphla,  vol.  22,  pp.  327-346,  12  figs. 

I>escrlbe8  the  cementation  of  sediments  by    infiltrating  solutions  (p.  337). 

380  Leighton    (Marshal    Ora).     Sanitary    regulations    governing    construction 
camps. 

Water-Sup.  and  Irr.  I'aper  no  140,  U.  S.  Geol.  Survey,  pp.  90-93. 
Points  out  precautions  to  be  taken  in  use  of  wells  (p.  93). 

390  Field  assay  of  water. 

Water-Sup.  and  Irr.  Taper  no.  151.  I".  S.  Geol.  Survey,  77  pp. 
Describes  a  field  outfit  for  the  rapid  analysis  of  surface  and  underground 
waters  In  the  field. 

391  Leith    (Charles   Kenneth).     A   summary   of   Lake   Superior   geology    with 

spcHial  reference  to  re<'ont  studies  of  the  iron-bearing  series. 

Rlnionthly  Bull.  Am.  Inst  MIn.  Eng.,  no.  a.  1005,  pp.  453-607,  1  map,  2 
tables,  4  figs. 

Contains  a  discussion  of  the  agency  of  underground  waters  In  the  forma- 
tion of  Iron-ore  deposits. 

392  (Jenesls  of  Lake  Siii)erior  iron  ores. 

Kcon.  Geol.,  vol.  1.  pp.  47-00. 

This  paper  i)ros<'uts  an  Important  summary  of  the  occurrence  of  water  in 
fractured  and  hrecclatod  rocks.  The  topics  discussed  include  the  con- 
vergence of  waters  through  joints,  fractures,  brecclated  zones,  bedding 
pianos,  and  structural  troughs  (pp.  .">.'»,  01).  The  Irregular  nature  of  the 
trunk  channels  of  (he  underground  waters*  (p.  .">0).  the  relation  of  circula- 
tion lo  Impervious  licds.  and  the  resulting  ponding  and  flow  (p.  57),  the 
lower  limit  of  waters  aiTccting  ore  deposition  (p.  50).  the  relation  of  ore 
concentration  to  circulation  of  waters  (p.  50),  and  the  nature  of  mine 
waters   (p.  02)   are  also  considered. 

393  Leopold    (F.   15.).     I'illration  «»f  water  in   its  relation  to  the  health  and 

jirosperity  of  a  niunic-iiKility. 

I'roc.  Am.  Waterworks  Assoc,  pp.  L'7t>— 200,  4  figs. 

l)escrli)es  epidemic  caused  l)y  use  of  [lolluted  well  waters  at  Ithaca  and 
Kinilra,  N.  Y.  A  short  description  of  tiie  well-supply  system  of  Columbas, 
Ohio,  Is  quoted  from  the  Kngineeriug  News  of  Fehruary  11,  1904.  Notes 
epidemic  at  Mount  Savage.  Va.,  cause<I  hy  polluted  spring  waters^  ^q  in- 
stance of  the  pollution  of  well  water*i  In  cities  Is  also  given. 
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394  Leverett  (Frank).     Illinois. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  248-257, 
2  pis.,  1  fig. 

Describes  the  various  water-bearing  formations  and  their  relations  to 
artesian  and  other  wells,  and  discusses  their  quality  and  use.  Lists  tho 
important  mineral  springs  and  principal  publications  regarding  under* 
ground  waters  of  the  State. 

395  Indiana. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  258-264,  2  pis. 

Describes  the  principal  water-bearing  for'taaations  and  discusses  favorable 
localities  for  wells,  giving  map.  Describes  general  distribution  of  spring 
water  and  gives  list  of  principal  commercial  springs.  Lists  the  principal 
publications  pertaining  to  underground  waters  of  the  State. 

396  Ohio. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  265-270. 

Describes  the  various  water-bearing  formations  and  discusses  localities 
favorable  for  artevian  wells.  Lists  the  principal  mineral  springs  and  the 
publications  relating  to  underground  waters  of  the  State. 

396a  Levy  (E.  C),  Whipple  (George  C.)  and.     The  Kennebec  Valley  typhoid- 
fever  epidemic  of  1902-1903.     [Maine.] 

Jour.  New  England  Waterworks  Assoc.,  vol.  19,  pp.  163-214,  7  flgs. 
See  Whipple  (George  C.)  and  Levy  (E.  C). 

397  Lewis   (Joseph  Volney),  Pratt   (Joseph  Hyde)    and.     CJomndum  and  the 

peridot ites  of  western  North  Carolina. 

North  Carolina  Geol.  Survey,  vol.  1,  464  pp.,  45  pis.,  35  flgs. 
See  Pratt  (Joseph  Uyde)  and  Lewis  (Joseph  Volney). 

398  Lewis  (L.  L.)  and  Nicholson  (J.  F.).     A  study  of  a  few  representative 

sources  of  drinking  water. 

Bull.  Oklahoma  Agr.  Exp.  Sta.  no.  66,  pp.  12-10. 

A  brief  bacteriological  study  of  water  from  14  wells  at  Stillwater,  Okla., 
giving  source  of  water  and  number  of  bacteria.  Mentions  dangers  of  con- 
tamination. 

399  Lindgren  (Waldemar).    The  occurrence  of  stibnite  at  Steamboat  Springs, 

Nevada. 

Bimonthly  Bull.  Am.   Inst.  Mln.  Eng.  no.  2,  1905,  pp.  275-278.. 

Describes  these  hot  springs :  gives  analyses  of  the  water  and  sinter 
deposited  from  one  of  the  springs :  describes  the  sinking  of  a  shaft  on  the 
sinter  flats  a  few  hundred  feet  away  and  the  encountering  of  hot  water  in 
a  gravel  bed  and  the  discovery  of  stibnite  crystals  in  the  gravel. 

4(X) Ore  deposition  and  deep  mining. 

Econ.  Geol..  vol.  1,  pp.  34—46. 

Discusses  the  part  played  by  water  in  ore  deposition  (p.  43),  the  enrich- 
ment of  ores  by  descending  waters  (pp.  35,  37),  and  considers  the  condi- 
tions of  precipitation  (pp.  40,  44). 

401  Chemistry  of  coi)per  deposits. 

p:ng.  and  Mln.  Jour.,  vol.  70,  p.  189. 

This  article  is  a  letter  to  the  editor  in  reply  to  a  criticism  by  a  corre- 
spondent of  Mr.  Lindgren's  views  on  the  chemistry  of  copper  and  sulphur 
as  expressed  in  an  article  on  the  Clifton  deposits  In  Arizona,  which  had 
previously  nppeared  In  the  Journal.  The  agency  of  underground  waters 
in  the  formation  of  the  ct>pper  deposits  at  Clifton  Is  discussed. 

402  Characteristics  of  gold-quartz  veins  in  Victoria  [Australia]. 

Kng.  and  Mln.  .Tour.,  vol.  79,  pp.  458-460,  1  flg. 

Discusses  the  agency   of  mineralized   waters  in   the  formation  of  thefiy 
veins.  m 
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403  iiindgren  (Waldemar).     Description  of  tlie  Clifton  quadrangle  [Arizona]. 

Geologic  Atlas  U.  S.,  folio  129,  U.  S.  Geol.  Survey,  13  pp.,  4  maps,  3  flgs., 
1  col.  sect. 

Refers  to  the  great  volume  of  water  mingled  with  Tertiary  volcanic 
eruptions  (p.  8).  Mentions  alteration  of  ore  deposits  in  limestone  by  oxi- 
dizing waters  (pp.  12, 13).  Describes  formation  of  quartz  veins  by  aqueous 
solutions,  and  reviews  theories  (p.  13).  Notes  scarcity  and  great  depth  of 
ground  water  (p.  12).  Describes  the  distribution  of  springs,  including 
thermal  and  mineral  springs,  and  gives  analysis  (p.  13). 

404 and  Bansome  (F.  L.).    The  geological  resurvey  of  the  Cripple  Creeic 

district,  Colorado. 

Bull.  U.  S.  Geol.  Survey  no.  260,  pp.  85-98. 

Describes  occurrence  of  water  In  fractured  area  surrounded  by  imper- 
vious rocks,  the  fractures  holding  the  water  as  In  a  reservoir  (pp.  96-97). 
Also  notes  the  depth  of  oxidization  (p.  94)  and  the  occurrence  of  carbon 
dioxide,  nitrogen,  and  oxygen,  which  are  considered  as  exhalations  from  an 
igneous  mass  below. 

405 The  copper  deposits  of  the  Clifton-Morenci  district,  Arizona. 

Prof.  Paper  U.  S.  Geol.  Survey  no.  43,  375  pp.,  25  pis.,  19  figs. 

Describes  the  ground-water  conditions  In  mines,  noting  the  general  ab- 
sence of  water  (pp.  22,  212,  226,  232,  318,  333)  and  the  occurrence  of 
springs  (p.  317).  The  part  of  water  in  ore  deposition  and  metasomatlc 
processes,  including  both  common  hydrometamorphism  by  circulating  mete- 
oric waters,  hydrothermal  metamorphlsm,  and  oxidation,  are  considered  In 
great  detail,  and  the  chemical  reactions  discussed  (pp.  123-194,  331  et 
seq.).  The  work  of  magmatlc  waters  (p.  219)  and  the  alteration  by  oxidiz- 
ing waters  are  also  treated  at  length  (pp.  20-24,  197,  213,  333). 

406 Mining  the  Australian  deep  leads. 

Min.  Magazine,  vol.  11.  pp.  1.39-143,  4  figs. 

Describes  the  occurrence  of  water  in  the  buried  gravels ;  notes  that  long- 
continued  pumping  causes  n  funnel-shaped  depression  in  the  ground-water 
table. 

407  Lines  (Edwin  F.).     Well  records. 

Bull.  U.  S.  <;eol.  Survey  no.  204.  pp.  41-106. 

Gives  summary  records  of  over  350  oil,  pis,  and  water  wells,  and  de- 
tailed logs  for  a  considerable  number. 

408  Lippincott  (J.  B.).     Water  problems  of  Santa  Barbara,  Cal. 

Water-Sup.  and  Irr.  Paper  no.  110,  V.  S.  (ieol.  Survey,  99  pp. 

Notes  discharge,  etc..  of  deep  city  wells  (pp.  11,  33)  and  describes  col- 
lecting tunnel  over  5,000  feet  long,  in  which  flow  Is  regulated  by  bulkheads 
(p.  33).  Figures  of  discharge  (p.  33)  and  an  analysis  of  the  tunnel  water 
(p.  37)  are  given.  To  secure  further  supply  It  Is  Intended  to  continue 
tunnel  through  the  mountain  to  a  stream  on  the  other  side. 

409  Little  (Ktta).     Sanitary  analysis  of  the  water  of  Full>right  Spring?. 

lUiU.  Bradley  Geol.  Field  Sta.  of  Drnry  rolleg*',  vol.  1.  pt.  2.  pp.  57)-52. 

Gives  a  new  analysis  of  the  water  of  one  of  the  springs  furnishing  the 
public  supply  at  Sprlngtleld,  Mo.,  and  a  number  of  older  ones  of  the  supplies 
of  other  Missouri  cities. 

410  Livingston  (Burton  Edward).     The  relation  of  .«5oila  to  natural  vegetation 

in  Uoscommon  and  Crawford  counties.  Mich. 

Ann.  Kept.  Michigan  (Jeol.  Survey  for  1003,  pp.  9-32,  1  pi. 

Discusses  relation  of  ground-water  level  to  type  of  vegetation  (pi).  23-24). 

411  Logan   (W.  N.)   and  Perkins   (W.  H.).     Tlie  underground  waters  of  Mis- 

sissippi. 

Bull.  Mississippi  Agr.  Kxp.  Sta.  no.  80.  112  pp.,  23  flgs. 

iJeslgnates  various  water-bearing  horizons  (p.  10),  classifies  underground 
waters  by  locality  and  composition  (pp.  10-12),  enumerates  factors  affect- 
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lug  parity  (pp.  12-13),  describes  artesian  water  in  general  (p.  6),  and 
discusses  Mississippi  artesian-  and  deep-well  waters  in  detail  by  counties 
and  towns  (pp.  14-112),  giving  geological  relations,  well  sections,  and 
analyses ;  states  whether  flowing  or  nonflowing,  potability,  etc. 

412  XiOTeland  (G.  A.).     Increased  flow  of  spring  water  in  the  autumn. 

Monthly  Weather  Review,  vol.  32,  pp.  176-177. 

Attributes  Increased  flow  in  Nebraska  in  October  and  November  to  the 
slow  percolation  of  the  water  from  the  heavy  rainfall  of  May,  June,  and 
July,  combined  with  the  decreased  evaporation  due  to  lower  temperature 
and  the  smaller  demands  of  vegetation. 

413  liyman  (Kate).     Chemical  analysis  of  the  water  of  Fulbright  Spring. 

Bull.  Bradley  Geol.  Field  Sta.  of  Drury  Coll.,  vol.  1,  pt.  2.  pp.  49-50. 
An  analysis  of  one  of  the  springs  furnishing  the  public  supply  at  Sprlng- 
fleld,  Mo. 

414  Park    (Emma   J.)    and.    The   Springfield   water  supply:    Description 

of  springs  and  the  geology  of  the  district. 

Bull.  Bradley  Geol.  BMeld  Sta.  of  Drury  Coll.,  vol.  1,  pt.  2,  pp.  45-49. 
See  Park  (Emma  J.)  and  Lyman  (Kate). 

415  Park    (Emma  J.)    and.     The  Hannibal  formation  In  Greene  County 

[Missouri]. 
Bull.  Bradley  Geol.  Field  Sta.  of  Drury  Coll.,  vol.  1.  pt.  2,  pp.  79-90. 
See  Park  (Emma  J.)  and  Lyman  (Kate). 

416  Lyman  (W.  S.),  C&ine  (Thoma.s  A.)  and.     Soil  survey  of  the  San  Antonio 

area,  Texas. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp.  447- 
473,  1  map,  1  fig. 

See  Caine  (Thomas  A.)  and  Lyman  (W.  S.). 

M. 

417  Macbride   (Thomas  H.).     Geology  of  Emmet,  Palo  Alto,  and  Pocahontas 

counties  [Iowa]. 

Ann.  Kept.  Iowa  Geol.  Survey,  1904,  vol.  15,  pp.  229-259,  1  pi.  3  flgs.,  3 
maps. 

Gives  well  records  (pp.  252,  254)  and  mentions  shallow  and  deep  wells 
and  springs  as  sources  of  country  and  city  supply  (p.  259). 

417a  McCalley    (Henry),  Smith   (Eugene  Allen)    and.     Index   to  the  mineral 
resources  of  Alabama. 

Alabama  Geol.  Survey,  1004,  79  pp.,  map  and  G  pis. 
See  Smith  (Eugene  Allen)  and  McCalley  (Henry). 

418  Mackie    (W.  W.),  Jensen   (Charles  A.),  and.     Soil  survey  of  the  Baker 

(Mty  area.  Oregon. 

Field  Operations  of  the  Bureau  of  Soils,  1903,  U.  S.  Dept.  Agr.,  pp.  1151- 
1170,  1  fig.,  4  maps. 

See  Jensen   (Charles  A.)   and  Mackie  (W.  W.). 

419  Boot    (Aldert    S.).    Lapham    (Macy    H.)    and.     Soil    survey    of   the 

Sacramento  area,  California. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp.  1019- 
1087,  1  map,  1  fij;. 

See  Lapham  (Maty  II.),  Root  (Aldert  S.),  and  Mackie  (W.  W.). 

420  itaguire    (Don).     Oil  and  asphaltum  on  the  shores  of  Great  Salt  I^ake, 

Utah. 

MIn.  and  Scl.  Press,  vol.  90,  p.  302,  2  flgs. 

Descril)eH  the  saline  and  oil  springs  and  notes  the  encountering  of  i 
water  carrying  much  sulphuric  acid  in  a  2,T00-tQQt.  \)QxV\i^. 
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421  Mang^m   (A.  W.)   and  Drake   (J.  A.).     Soil  survey  of  the  Russell  area, 

Kansan. 

Field  Operations  of  the  Bureau  of  KoilH.  IRO.H,  U.  8.  Dept.  AKr..  pp.  911- 
026,  1  fig.,  1  map. 

Mentions  the  occurrence  of  springs  along  the  outcrop  of  the  base  of  the 
Dakota  sandstone  (p.  914). 

422  Mark   (Edward  L.).     The  Bermuda  Islands  and  the  Bermuda  Biological 

Station  for  Research. 

Pop.  Sci.  Monthly,  vol.  66,  pp.  393-411,  12  figs. 

Describes  the  caves,  sinks,  and  subterranean  passages  in  the  limestone 
of  the  Island. 

423  Marriott  (Hugh  F.).     Electrical  devices  for  deep  borehole  surveying. 

Eng.  News,  vol.  54,  pp.  91-94. 

Describes  in  detail  the  instruments  and  methods  of  use  with  numerous 
diagrams.     Editorial  review  on  p.  97. 

424  Martin  (George  C).    The  petroleum  fields  of  the  Pacific  coast  of  Alaska, 

with  an  account  of  the  Bering  River  coal  deposits. 

Bull.  U.  S.  Geol.  Survey  no.  250,  64  pp.  7  pis.,  3  figs. 

Notes  the  occurrence  of  oil  and  gas  springs  and  seeps  (pp.  22,  27,  47,  55, 
58),  gives  well  records  (pp.  23,  49,  55),  mentions  the  occurrence  of  water 
in  oil  wells  (pp.  24,  49,  55),  describes  blows  of  water  and  gas  (p.  49),  and 
the  association  of  water  with  faulting  (p.  55). 

425 Notes  on  the  petroleum  fields  of  Alaska. 

Bull.  U.  S.  Geol.  Survey  no.  259,  pp.  128-139. 

*  Gives  a  number  of  well  records  (pp.  131,  133),  notes  difilculties  due  to 

water  in  oil  wells  (pp.  132,  133,  136),  and  describes  water  and  oil  seepages 
(pp.  132,  135,  138.  139),  and  gas  and  water  blows  (p.  134). 

426  Water  resources  of  the  Accident  and  Grantsvllle  quadrangles,  Mary- 

land. 

Water-Sup.  and  Irr.  Paper  no.  110,  I'.  S.  Geol.  Survey,  pp.  168-170. 

Refers  to  the  abundance  of  pood  Hprlngs,  especially  In  the  Greenbrier 
limestone,  and  notes  the  Deer  Park  sprinp:  as  an  example.  States  the 
probabilities  of  obtaining  good  artesian  water  In  the  region. 

427  Water  resources  of  the  Frostlmrg  and  Fllntstone  quadrangles,  Mary- 

land and  West  Virginia. 

Water-Sup.  and  Irr.  Paper  no.  110,  l'.  S.  (ieol.  Survey,  pp.  171-173. 

Notes  the  abundance  of  good  sprin^H  In  the  Greenbrier  and  Helderburg 
limestones  and  their  use  for  town  supplies.  Notes  one  artesian  well  ob- 
taining water  in  Carboniferous  sandstones,  and  states  the  probability  of 
getting  water  In  the  Orlskany  and  Tusoarora  sandstones. 

428  Stose   (George  W.)   and.     Water  resources  of  the  Pawpaw  and  Han- 

cock quadrangles,  West  Virginia.  Maryland,  and  Pennsylvania. 
Water-Sup.  and   Irr.   Paper  no.   145,   V.   S.   Geol.   Survey,  pp.   58-63. 
See  Stose  ((ieorge  W. )  and  Martin   ((ieor^o  C). 

429  Martin    (J.   O.)    and   Sweet    (A.   T.).     Soil   survey   of  the  Kearney   area, 

Nebraska. 

Field  Or)eratlon8  of  the  Bureau  of  Soils,  1904,  V.  S.  Dept.  Agr.,  pp.  859- 
874.  1  pi.,  1  map,  1  Ak- 

De.scribes  brleJly  the  oi-currenco  of  underground  and  seepage  waters,  and 
their  relation  to  irrigation    (p.  870). 

430  Mason  (Russell  T.).     Peru. 

Kng.  and  Mln.  ^Tour..  vol.  79.  pp.  1091-1093.  1  flg. 

Mentions  the  existence  of  hot  sprini^s  depositing  sinter  at  Iluancavelica, 
Peru. 
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431  Maaon  (William  P.).     Sundry  notes  on  deep-seated  waters. 

Proc.  Am.  Waterworks  Assoc.,  1905,  pp.  2U7-301,  8  figs. 

This  article  is  an  abstract  of  a  paper  read  before  the  association  by 
W.  P.  Mason.  The  terms  ground  water  aod  deep-seated  water  are  defined ; 
two  diagrams  given  show  the  conditions  governing  a  flowing  and  a  dry 
artesian  well ;  the  depletion  of  the  deep  water  in  the  vicinity  of  London, 
England,  due  to  excessive  use  Is  noted ;  the  pressure,  depth,  etc.,  of  the 
Woonsocket,  S.  Dak.,  artesian  well,  Is  given ;  relation  between  the  Jack- 
sonville artesian  well  and  a  sea  spring  off  the  east  coast  of  Florida  Is 
noted ;  the  spring-water  supply  of  Orleans,  France,  and  the  deep-well  sup- 
ply of  Copenhagen  are  mentioned ;  contamination  of  deep  water  is  touched 
upon  and  examples  noted ;  the  term  "  contributing  watershed  "  is  defined 
and  an  ideal  section  given ;  a  short  discussion  of  the  Sea  Mills  of  Cepba- 
lonia  concludes  the  article. 

432  The  water  supply  of  Amsterdam,  Holland. 

Eng.  News.  vol.  53,  pp.  437-438,  4  figs. 

Describes  the  supplies  obtained  from  the  "  sand  dunes.** 

433  The  Sea  Mills  of  Cephalouia. 

Eng.  News,  vol.  54,  p.  352,  1  illustration. 

Describes  the  mills  at  Cephalonla,  the  largest  of  the  Ionian  Islands; 
notes  tests  made  to  determine  the  course  of  the  water.  Suggests  that  the 
water  "  which  sinks  into  the  rocks  at  Cephalonla  comes  to  the  surface 
again  In  the  form  of  steam  at  Stromboli,  Vesuvius,"  etc.  W.  O.  Crosby's 
explanation  of  the  phenomenon  is  given.     A  view  of  the  mill  is  given. 

434 Relation  of  intensity  of  tj^phoid  fever  to  character  of  water  carriage. 

Jour.  New  England  Waterworks  Assoc,  vol.  19,  pp.  412-421. 

Describes  typhoid  epidemics  caused  by  using  polluted  well  water  at 
Waterville,  Me.,  and  Philadelphia.  Pa.  In  the  discussion  accompanying 
the  article  Dr.  G.  A.  Soper  described  the  epidemic  due  to  the  use  of  a 
polluted  well  water  at  Ithaca,  N.  Y. ;  Messrs.  M.  N.  Baker  and  G.  W. 
Wright  described  epidemics  due  to  the  use  of  polluted  well  waters. 

435 Interpretation  of  a  water  examination. 

Science,  new  ser.,  vol.  21,  pp.  648-653. 

States  instances  of  serious  pollution  in  wells  and  springs,  and  the  diffi- 
culties of  determining  such  pollution  by  analyses  (pp.  650-652). 

436  Maury    (Dabney    H.).    The   new   well   and   hydraulic  pumping  plant   at 

Peoria,  111. 

Eng.  Rec.  vol.  51,  pp.  139-140,  3  figs. 

Complete  description  of  the  location,  sinking  of  the  well,  and  the  equip- 
ment of  the  plant  is  given. 

437  New  well  and  hydraulic  pumping  plant  at  Peoria,  111. 

Twentieth  Ann.  Rept.  Illinois  Soc.  Eng.  and  Surv..  pp.  110-118,  4  figs. 

Gives  references  to  descriptions  of  the  old  wells.  Notes  exploration  of 
all  available  water-bearing  gravels  in  the  vicinity  by  test  wells;  gives  the 
location,  elevation  at,  method  of  sinking,  and  capacity  of  the  new  well ; 
discusses  tests  made  to  show  absence  of  river  infiltration ;  notes  fiow  of 
water  from  gravel  l)eds  to  river.  Influence  of  stage  of  water  in  river  on  sup- 
ply in  gravel,  and  describes  the  influence  of  pumping  on  the  underground 
supply. 

438  Burdlck  (C.  B.),  and  Henderson  (C.  R.).    Report  of  The  committee 

on  waterworks. 

Twentieth  Ann.  Hept.  Illinois  Soc.  Eng.  and  Surv.,  pp.  132-139. 

Notes  the  existence  of  l.'>3  waterwork  plants  In  Illinois  deriving  thei/ 
supplies  from  unders:round  sources  (p.  133)  ;  mentions  the  installation  of  r 
plant  at  Fn»(^port  for  the  purpose  of  removing  dissolved  iron  from  deep 
well  water  (p.  135).  In  the  discussion  of  this  paper  C.  A.  Prout  staf 
that  Elgin  derives  Its  water  from  4  wells,  one  of  which  is  2,000  and 
others  1,300  feet  deep  (p.  139). 
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439  McCallle  (S.  W.).  A  preliminary  report  on  the  coal  deposits  of  Georgia. 
Bull.  Georgia  Geol.  Survey  no.  12,  121  pp.,  14  pis.,  60  figs. 
Refers  to  chalybeate  springs  (pp.  48,  58),  and  mentions  springs  froa 
subterranean  caverns  near  Lookout  Mountain  (p.  18)  ;  mentions  floodfd 
mines  (pp.  56,  68,  75,  81),  and  describes  tbe  interference  of  undulattons  is 
coal  seams  with  the  draining  of  mines  (pp.  30,  36)  ;  mentions  bore  boles 
(p.  41),  gives  records  (pp.  82,  flgs.  48-53b),  discusses  them  (pp.  102,  104), 
and  discusses  briefly  the  value  of  records  (pp.  102). 

440 Experiment  relating  to  problems  of  well  contamination  at  Quitman,  Ga. 

Water-Sup.  and  Irr.  I*aper  no.  110,  IT.  S.  Geol.  Survey,  pp.  45-64,  1  flg. 

Describes  an  attempt  to  dispose  of  a  city's  sewage  by  forcing  It  down  a 
deep  well  into  a  cavernous  limestone.  To  test  tbe  question  of  pollution  a 
quantity  of  salt  was  put  into  a  well  and  samples  of  all  other  wells  and 
springs  In  tbe  vicinity  were  talcen  and  analysed.  Tbe  results  showed  that 
the  salt  reached  the  other  wells. 

441  Georgia. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  153-158,  1  flg. 

Describes  the  underground  water  conditions  in  the  Appalachian  Mountain 
area,  the  Piedmont  Plateau  area,  and  the  Coastal  Plain  area.  Lists  the 
principal  mineral  springs  and  the  important  publications  regarding  under- 
ground waters  of  the  State. 

442  McCarthy  (Gerald).     Report  of  Biologist. 

Tenth  Rept.  North  Carolina  Board  of  Health,  pp.  31-34. 
States  that  5  water  companies  in  the  State  obtain  their  supply  from  deep 
wells,  and  urges  the  general  abandonment  of  shallow  wells  for  deep  welK 

443  Meachem  (F.  G.).     Underground  temperatures. 

Eng.  and  Min.  Jour.,  vol.  70,  p.  368. 

Notes  the  influence  of  hot  and  cold  springs  and  the  heat  produced  by  the 
alteration  of  rocks  by  percolating  water  on  underground  temperatures. 
Abstract  of  a  paper  read  before  South  Staffordshire  and  East  Worcester- 
shire Institution  of  Mining  Engineers. 

444  Mead  (Ehvood).     Irrigation  in  northern  Italy,  Part  I. 

Bull.  Oflice  Exp.  Sta.,  I^  S.  Dept.  Akt..  no.  144,  100  pp.,  17  pis.,  14  flgs. 

Describes  use  and  superiority  of  Hprin^  for  raarcite  irrigation  in  Ix)m- 
bardy  (pp.  9.  60,  (^4-06)  ;  and  describes  cause  and  effect  of  seepage  from 
canals   (pp.  48-53,  70). 

445  Water  rights  on  interstate  streams :  The  Platte  River  and  tributaries. 

Water  rights  within  the  States. 

Bull.  Office  p:xp.  sta..  U.  S.  Dept.  Agr..  no.  157,  pp.  96-110. 

Discusses  return  seepaure  as  an  obstacle  In  justly  dividing  a  stream  be- 
tween approprlators  In  Colorado  and  Nehraskn    (pp.   107-108). 

44(]  The  irrip:atlon  investigations  in  California  of  the  Offlr-e  of  Experiment 

Stations. 

I'orestry  and  Irrigation,  vol.  11,  pp.  .'U57-3G9. 

Describes  the  use  of  underground  water  In  irrigation  in  this  section,  tbe 
underground-water  conditions,  tbe  lowering  of  tlie  water  table  due  partly 
to  a  succession  of  dry  seasons,  etc. 

447  Means  (Thomas  H.).     Alkali  soils. 

Water-Suj).  and  Irr.  I'aper  no.  14C.  V.  S.  r,eol.  Survey,  pp.  108-113. 
DescrilMis   the   movements   of   alkali    In   ground    water   through   soil    (pp. 
111-112). 

448  Kearney   (Thomas  11.)   and.     Agricultural  explorations  In  Algeria. 

Bull.  Bureau  of  Plant  Industry.  IT.  8.  Dept  Agr.,  no.  80,  98  pp.,  4  pis. 
See  Kearney   (Thomas  II.)   and  Means   (Thomas  II.). 
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449  Meeker  (F.  N.),  Smith  (William  G.)  and.     Soil  survey  of  Sumter  County, 

Alabama. 

Field  Operations  of  the  Bureau  of  Sollg.  1904,  U.  8.  Dept.  Agr.,  pp.  317- 
342.  1  map,  1  fig. 

See  Smith   (William  G.)   and  Meeker   (F.  N.). 

450  Melluish  (J.  G.).     Drainage  in  western  Iowa. 

Twentieth  Ann.  Kept.  Illinois  Soc.  Eng.  and  Surv..  pp.  57-65.  2  111. 

Describes  the  reclaiming  of  wet  lands  by  means  of  underground  drainage 
obtained  by  sinking  holes  through  the  swamp  bottom  into  a  pervious  bed 
(p.  61).  Gives  effective  diameter  of  soil  grains  and  rate  of  flow  through 
soil  in  several  counties  (pp.  64-65). 

451  Mendenhall  (Walter  C).     Studies  of  California  ground  waters. 

Forestry  and  Irrigation,  vol.  11,  pp.  382-384. 

A  discussion  of  the  underground- water  conditions  and  resources  of  south- 
ern California.     An  artesian  area  in  the  Colorado  Desert  is  described. 

452  Development  6t  underground  waters  in  the  eastern  Coastal  Plain  re- 

gion of  southern  California. 

Water-Sup.  and  Irr.  Paper  no.  137,  U.  8.  Geol.  Survey.  140  pp. 

Describes  the  general  ground-water  conditions,  the  source  and  sufficiency 
of  supply,  and  the  interference  and  cost  of  wells.  Tables  are  given  show- 
ing the  owner,  location,  date  of  drilling,  type,  elevation  of  surface  and 
water,  depth,  solids  in  solution,  temperature,  methods  of  lift,  cost,  and  use 
of  wells.  The  maps  show  distribution  of  wells,  original  and  present  areas 
of  flows,  depth  to  water,  and  location  of  pumping  plants. 

453 Development  of  underground  waters  in  the  central  Coastal  Plain  re- 
gion of  southern  California. 

Water-Sup.  and  Irr.. Paper  no.  138,  U.  8.  Geol.  Survey,  162  pp. 
Treats  same  topics  as  no.  452. 

454  Development  of  underground  waters  in  the  western  Coastal  Plain  re- 

gion of  southern  California. 

Water-Sup.  and  Irr.  Paper  no.  139,  IT.  S.  Geol.  Survey,  105  pp. 
Treats  same  topics  as  no.  452. 

455  The  hydrologj'  of  San  Bernardino  Valley.  California. 

Water-Sup.  and  Irr.  Paper  no.  142,  U.  8.  Geol.  Survey,  124  pp. 

Discusses  the  development  of  irrigation,  rainfall,  effect  of  forests  on 
water  supplies,  nature  of  the  return  waters,  conditions  governing  the  ab- 
sorption of  streams,  and  the  composition  (with  analyses),  flow,  tempera- 
ture, and  decline  of  underground  waters.  The  basin,  which  is  about  8,000 
feet  deep.  Is  filled  with  alluvial  deposits  In  which  there  are  many  water 
horizons.  Some  stratlgraphic  records  and  tables,  giving  the  owner,  location, 
depth,  composition,  temperature,  cost,  use,  etc.,  of  wells,  are  included. 
Maps  showing  wells,  artesian  areas,  etc.,  are  also  given. 

456 Underground  waters  of  southern  California. 

Water-Sup.  and  Irr.  Paper  no.  146,  U.  8.  Geol.  Survey,  pp.  113-121. 
I)e8crH)es  the  development  of  artesian  wells  for  use  In  irrigation  (pp. 
114-116),  orlprln  of  the  ground  water  and  its  mode  of  occurrence  (pp.  116- 
117).  distrlbiition  and  character  of  the  supply  (pp.  117-118),  and  the  re- 
duction and  fluctuation  of  supply  and  their  causes  (pp.  120-121).  Desir- 
able precautions  In  use  of  water  are  also  pointed  out  (p.  120). 


457 The  undergi'ound  waters  of  southern  California. 

The  official  proceedings  of  the  Twelfth  National  Irrigation  Congress  at 
El  Paso.  Tox..  Noveml)er  15-18.  1004,  pp.  l.'O-l.'ia. 

Describes  the  artesian  areas,  their  geologic  relations,  great  value,  ehrli 
age  in  areu,  problems,  etc. 


rinUl 
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458  Mesmer  (Louis).    Soil  survey  of  tlie  Los  Angeles  area,  California. 

Field  OperatiooB  of  the  Bureau  of  Soils,  1903,  U.  S.  £>ept.  Agr.,  pp.  1263- 
1306,  1  fig.,  2  maps. 

Describes  irrigation  from  flowing  and  pumping  artesian  wells  (p.  1293). 

459  Merrill  (Frederick  J.  H.).     Bromine. 

Mineral  Resources  U.  S.  for  1904,  U.  S.  Geol.  Survey,  pp.  1029-1030. 
Notes  the  occurrence  of  bromine  in  the  brines  of  Michigan,  Ohio,  Pennsyl- 
vania, and  New  Yorlc.  | 

460  Miller  (Thomas  D.).    Texas  oil  fields. 

I*rogres8ive  Age,  vol.  23,  pp.  398-403,  1  fig. 

Quotes  R.  T.  Hill  on  agency  of  hot  saline  waters  in  the  formation  of  the 
oil  and  gas  pools  of  Texas  and  Louisiana  ;  describes  the  encountering  of  oli 
in  sluicing  an  artesian  well  now  flowing  warm  water  at  Corsicana,  Tex. 

461  Mills  (W.  M.).    A  physiographic  and  ecological  study  of  the  Winona  Lak^ 

region. 

Twenty-eighth  Ann.  Rept.  Indiana  Dept.  Geol.  and  Nat.  Res.,  pp.  37T- 
396,  Pis.  VII-VIII.  figs.  1-4. 

Rich  vegetation  favored  by  springs  (p.  384).  Mentions  post-GIacial  cad* 
glomerate  possibly  cemented  by  spring  water  (p.  395). 

462  Mines  and  Minerals.     A  300-foot  air-lift  well  plant  at  the  Scranton  Col^ 

Storage  House  [Penn.]. 
Mines  and  Minerals,  vol.  25,  p.  494. 
Describes  an  835-foot  well  at  this  place. 

463  Mining  and  Scientific  Press.    The  Bassick  mine,  Querida,  Ck)lo. 

MIn.  and  Scl.  Press,  vol.  90,  pp.  4-5.  1  fig. 

Assigns  the  mineralization  of  the  ore  shoots  to  the  action  of  thermal 
mineral  springs  along  a  line  of  fracture. 

464  Unwatering  the  Comstock. 

Min.  and  Sci.  Press,  vol.  90,  pp.  65.  73-74,  1  flg. 

Describes  the  fining  of  the  lower  levels  by  rising  hot  water  and  the  work 
now  being  done  to  unwater  the  mines. 

465  The  Simplon  tunnel. 

Min.  and  Sci.  Press,  vol.  90,  p.  110. 

Mentions  the  encountering;  of  lar^e  volumes  of  hot  water  in  the  con- 
struction of  the  tunnel. 

466  Coolgardie,  Australia,  pumping  system. 

MIn.  and  Sci.  Press,  vol.  00,  pp.  120-122,  11  figs. 

Contains  a  description  of  the  use  of  well  and  saline  mine  waters  for 
water  supply  during  the  early  days  of  this  jrold  field. 

467  Artesian  water. 

MIn.  and  Sci.  Press,  vol.  00,  p.  lOH.  0  fijj.M. 

Discusses  geological  conditions  essential  to  the  securing  of  artesian  water, 
and  quotes  I.  t\  Russell  on  the  subject  of  ]ega\  restrictions  on  the  waste  of 
subsurface  waters. 

4<>8  Water  supply  by  compressed  air. 

Min.  and  Scl.  Press,  vol.  00.  pp.  lOS-100. 

Contains  a  description  of  the  location,  depth,  etc.,  of  the  wells  furnishing; 
the  additional  water  supply  of  Los  Angeles,  (^al. 

469  The  Simplon  tunnel  [between  Switzerland  and  Italy]. 

Min.  and  Scl.  Press,  vol.  00,  pp.  18.')-isr>.  7  figs. 

Contains  a  description  of  the  hot  and  cold  springs  encountered  in  drilling 
the  tunnel. 
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470  Mining  and  Scientific  Press.     [Springs.] 

MiD.  and  Sci.  Press,  vol.  90.  p.  231. 
Discussion  of  the  origin  of  springs. 

471  [Ground-water  level  at  Goldfleld,  Nev.l. 

Min.  and  Sei.  Tress,  vol.  00,  p.  348. 
Notes    the   lack   of   water   at    Goldfield   and    the   dependence   on    ground 
water,  the  level  of  which  is  found  at  65-205  feet  l^Iow  the  surface. 

472  Value  of  geological  knowledge. 

Mln.  and  Sci.  Press,  vol.  90,  pp.  370-371,  1  fig. 

Notes  the  varying  amounts  of  underground  water  encountered  in  the 
different  formations  in  sinking  a  shaft  at  the  Illinois  mine,  Wisconsin. 

473  Prospecting  for  desert  mines. 

Min.  and  Sci.  Press,  vol  90,  p.  371,  1  fig. 

Describes  several  springs  in  San  Bernardino  County,  Cal. 

474  Discovery  and  development  of  the  Ilomestake  mines  of  South  Dakota. 

Min.  and  Sci.  lYess,  vol.  00,  p.  404,  2  figs. 

Describes  the  use  in  the  Ilomestake  mines  of  a  stream  of  water  issuing 
from  u  tunnel  about  4  miles  north  or  the  works. 

4TS  [Active  mud  volcano.] 

Min.  and  Sci.  Press,  vol.  91.  p.  119. 

Notice  of  the  breaking  out  of  an  active  mud  volcano  early  in  August  in 
the  Black  Rock  Desert.  Humboldt  County,  Nev. 

470  At  what  depth  do  gold  mines  quit? 

Mln.  and  Sci.  Press,  vol.  01,  p.  25.^). 

Discusses  the  agency  of  descending  mineral-bearing  solutions  In  the  sec- 
ondary enrichment  of  gold  veins. 

^'*7 [Theories  of  ore  dei)osition.l 

Min.  and  Sci.  Press,  vol.  91,  p.  270, 

Brief  comparison  of  the  lateral  secretion  and  ascension  theories. 

'*T8 The  drainage  of  Cripple  Creek  mines. 

Min.  and  Sci.  Press,  vol  91,  p.  291,  1  fig. 

Describes  heavy  inflow  of  water  into  the  shafts  and  the  present  and 
proposed  drainage  tunnels.  A  figure  is  given  showing  the  relation  of  the 
various  shafts  and  tunnels  to  the  present  water  level. 

479 [Springs  in  the  desert  region  of  southwestern  United  States.] 

Min.  and  Sci.  Press,  vol.  91.  p.  293. 
Describes  several  springs  in  California. 

480 Divining  rod  as  a  water  finder. 

Mln.  and  Sol.  Press,  vol.  91,  p.  314. 

Reprint  from  the  Kngineering  News  relating  to  the  successful  use  of  a 
divining  ro<l  at  the  Imperial  Navy-Yard.  Kiel,  Germany. 

481  What  is  a  fissure  vein? 

Mln.  and  Sci.  Press,  vol.  91,  p.  .392. 

Discusses  the  alteration  of  rocks  in  veins  by  percolating  mineral  waters, 
the  temperatures  of  mine  waters,  and  the  direction  of  flow  of  underground 
waters. 

482  The  Simplon  tunnel. 

Min.  and  Sti.  I'ress,  vol.  91,  p.  .399,  1  fig. 

Describes   the   thermal   springs   encountered   in   the  construction  of  thi^J 
tunnel  between  Switzerland  and  Italy.  1 
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483  Mining  and  Scientific  Press.     [Mine  water  at  Leadville,  Colo.] 

MIn.  and  Scl.  Press,  vol.  91,  p.  417. 

Describes  the  trouble  with  mine  water  at  I^adville,  Colo. 

484  Mining  Magazine.     Some  questions  regarding  ore  genesis. 

Mln.  Magazine,  vol.  12,  pp.  390-400. 

Discussion  of  the  agency  of  water,  volcanic  and  meteoric,  In  the  forma- 
tion of  ore  deposits. 

485  Mining  Beporter.     The  drainage  of  the  Cripple  Creek  district  [Colo.]. 

Mln.  Reporter,  vol.  51,  p.  280. 

States  that  the  lower  depths  of  the  Cripple  Creek  basin  hold  more  water 
than  the  upper  portions  and  gives  the  evidence  on  which  this  statement 
is  based. 

486 [Blowing  wells.] 

Mln.  Reporter,  vol.  52,  p.  285. 

Brief  description  of  blowing  wells  and  explanation  of  their  cause. 

487 Drainage  of  the  Cripple  Creek  district 

Mln.  Reporter,  vol.  52,  pp.  392-393,  2  flgs. 

Discusses  the  underground-water  conditions  in  this  district.  Gives  a 
map  showing  the  relation  of  the  present  water  level  to  the  different  mines. 

48S The  divining  rod  superseded. 

Min.  Reporter,  vol.  52,  p.  514. 

Mentions  the  use  of  an  electric  or  magnetic  device  in  the  location  of  ore 
bodies. 

489  The  Simplon  tunnel. 

Mln.  Reporter,  vol.  52,  pp.  595-596. 

Notes  the  encountering  of  hot  springs  at  45**  Centigrade  in  the  constrtK^* 
tion  of  the  tunnel  between  Switzerland  and  Italy. 

490  Minor   (J.  C).     The  so-called  constipating  eflfect  of  the  hot  water  of  Hot 

Springs,  Ark. 

Med.  Mirror,  St.  Louis,  vol.  16.  no.  1.  pp.  3-5. 

Endeavors  to  disprove  erroneous  ideas  concerning  proportion  of  sulplii**" 
and  injurious  effects  of  this  water. 

491  Minor  (John  C,  jr.).    The  production  and  modern  uses  of  carbonic  acid- 

Chemical  Engineer,  vol.  1,  pp.  212-218. 

A  paper  read  l)efore  the  New  York  Section  of  the  American  Chemical 
Society,  December  20,  1904.  Contains  a  description  of  the  wells  at  Sara- 
toga Springs,  N.  Y.,  that  are  used  for  the  production  of  this  gas  and  d^ 
scribes  the  method  used  in  separating  the  gas  from  the  water. 

492  Mitchell  (George  A.).     Irrigation  in  the  East. 

The  official  proceedings  of  the  Twelfth  National  Irrigation  Congress  •* 
El  Paso.  Tex.,  November  15-lS.  1904,  pp.  :^40-;{4.S. 

Mentions  Irrigation  from  flowing  artesian  wolls  near  Atlantic  City,  N.  J*» 
and  water  supply  from  pumping  14  driven  wells  at  VIneland,  N.  J. 

493  Monaghan  (J.  F.).     Windmills  for  South  Africa. 

Dally  Consular  Repts.  no.  21*10.  Dept.  Com.  and  Labor,  p.  4. 
Mentions  necessity  for  sinlcing  wells,  owing  to  continued  dry  seasons. 

494  MoncrieflC  (C.  Scott).     Irrigation. 

Science,  new  ser.,  vol.  22.  pp.  577-r»ftO. 

Refers  to  irrigation  by  artesian  wells  in  California.  Algeria,  and  QueenS' 
land  (p.  579),  and  by  ordinary  wells  in  India  and  elsewhere  (p.  580). 
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XoiMte  (Leon).  The  construction  of  the  Simplon  tunnel  [between  Switzer- 
land and  Italy]. 

Eng.  Magazine,  vol.  29,  pp.  160-1S4,  29  figs. 

Description  of  the  springe  of  hot  and  cold  water  encoantered  In  the 
eonstructlon  of  the  tannet  Is  given.  Photographs  are  given  of  two  of 
these  springs. 

Xooney  (Charles  N.)  and  Ayrs  (O.  L.).  Soil  survey  of  the  Oreenevllle 
area,  Tennessee-North  Carolina. 

Field  Operations  of  the  Bureau  of  Roils,  1904,  U.  S.  Dept.  Agr.,  pp.  49S- 
525,  1  map,  1  fig. 

Refers  to  occurrence  of  sink  holes  and  effect  on  drainage  (p.  498). 

Koore  (George  T.).    The  use  of  copper  sulphate  as  an  algicide. 
Jour.  New  England  Waterworks  Assoc.,  vol  19,  pp.  474-481. 
Notes  the  use  of  a  thermal  spring  In  Virginia,  temperature  given  as  70^ 
the  year  round,  In  the  growing  of  water  cress  (pp.  475-476). 

and  Kellerman   (Karl  F.).    Copper  as  an  algicide  and  disinfectant 

in  water  supplies. 

Bull.  Bureau  of  Plant  Industry,  U.  S.  Dept.  Agr.,  no.  76,  55  pp. 

Describes  injury  of  ground  water  stored  in  an  open  reservoir  at  Newtown, 
Pa.,  through  growth  of  algie,  and  disinfection  of  the  water  by  use  of  cop- 
per sulphate  (pp.  26-27). 

Koore   (Richard  B.),  Schlundt   (Herman)   and.    Radio-activity  of  some 
deep-well  and  mineral  waters. 
Jour.  Physical  Chemlgtry,  vol.  9,  pp.  320-332. 
See  Schlundt  (Herman)  and  Moore  (Richard  B.). 

Xorg&n  (Percy).    The  Ilauraki  gold  fields,  New  Zealand. 
Eng.  and  Min.  Jour.,  vol.  79,  pp.  861-862. 

Contains  discussion  of  the  agency  of  underground  water  In  the  origin  of 
the  deposits. 

Xorrison  (Charles  E.).  The  importance  of  potable  water  supplies  to  min- 
ing communities. 

Eng.  and  Min.  Jour.,  vol.  80,  pp.  1057-1058. 

Includes  a  discussion  of  the  availability  of  springs  acd  wells  in  min- 
ing districts.  (Mtes  a  case  in  Mexico  in  which  a  spring  supply  caused  an 
epidemic  due  to  the  impregnation  of  the  spring  water  by  arsenic  from  the 
mining  of  a  silver-lead  ore  carrying  considerable  arsenic. 

Xoulthrop  (George  E.).  Annual  address  [of  the  president  of  the  Montana 
Society  of  Engineers]. 

Jour.  Assoc.  Eng.  Soc,  vol.  35,  pp.  141-163. 

Notes  the  decision  of  March  3,  1903,  of  the  Secretary  of  the  Interior 
relating  to  the  use  of  the  reclamation  fund  in  sinking  artesian  wells. 

Xunicip&l  Engineering.     Investigations  of  water  supplies. 
Municipal  Enplneerlnp.  vol.  28.  pp.  23-24. 

Contains  a  description  of  the  subterranean  gallery,  deep-  and  drlven-well 
system  furnishing  the  water  supply  for  the  city  of  Indianapolis. 

Removal  of  Iron  from  ground  water. 

Municipal  Engineering,  vol.  28,  pp.  472-477,  8  figs. 

The  water  supply  of  Richmond.  Mo.,  is  talcen  from  a  group  of  4  or  5 
wells  sunk  to  IkhI  rock  in  the  Missouri  River  bottom  lands.  The  water 
contains  12  or  more  parts  per  million  of  Iron.  This  article  Is  devoted  to  a 
description  of  the  method  of  aeration  and  filtration  of  this  well  water. 

Murphy  (E.  C).     Drought  in  Ohio  River  drainage  basin. 

Water-Sup.  and  Irr.  I'aper  no.  147,  V.  S.  Oeol.  Survey,  pp.  173-182.  \ 

DescrlbeH  failure  of  springs  and  wells   In  Pennsylvania,  West  Vlrglnla»  Jj 
and  Kentucky,  and  the  shortage  of  public  supplies.  % 


60  UNDERGROUND-WATER   LITERATURE   IN 

N. 

505  Neill  (N.  P.),  Holmes  (J.  Oarnett)  and.     Soil  survey  of  the  Greeley  area. 

Colorado. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  V.  8.  Dept.  Agr.,  pp.  951- 
093,  1  map,  1  fig. 

See  Holmes  (J.  Oarnett)  and  Nelll  (N.  V.). 

505a  Lapham    (Macy   H.)    and.     Soil   survey   of   the   Solomonsville  area, 

Arizona. 

Field  Operations  of  the  Bureau  of  Soils,  190.3,  V.  8.  Dept.  Agr.,  pp.  1045- 
1070.  1  fig.,  1  map. 

See  Lapham  (Macy  H.)  and  Nelll  (N.  P.). 

506  Newell    (Frederick.  Ilaynes).     I*roceedlngs   of   the   second   conference  of 

engineers  of  the  Reclamation  Service;  Organization;  Rept)rt  of 
Conference. 

Water-Sup.  and  Irr.  Paper  no.  146,  U.  S.  Geol.  Survey,  pp.  7-19. 

Gives  personnel  of  division  of  hydrology  (pp.  7,  11)  and  notes  papers 
on  underground  waters  by  W.  C.  Mendenhall  and  C.  S.  Sllchter  (p.  13). 

507  Nichols  (Francis  H.).    Notes  from  diary  in  China. 

Bull.  Am.  rJeog.  Soc..  vol.  37,  pp.  339-356,  1  fig. 

Describes  the  salt  and  gas  wells  of  Tze  Liu   (pp.  349-350). 

508  Nicholson  (J.  F.),  Lewis  (L.  L.)  and.     A  study  of  a  few  representative 

sources  of  drinking  water. 

Bull.  Oklahoma  Agr.  Exp.  Sta.  no.  66,  pp.  12-19. 
See  I^wls  (L.  L.)  and  Nicholson   (J.  P.). 

509  Noble  (T.  A.),  Bess  (D.  W.),  Whistler  (J.  T.)  and.     Report  of  progre^^ 

of  stream  measurements  for  the  calendar  year  1904:  Part  XI  ^^' 
Columbia  River  and  Puget  Sound  Drainage. 

Water-Sup.  and  Irr.  Paper  no.   13.').  V.  S.  (ieol.  Survey.  300  pp. 

See  Ross  (D.  W.),  Whistler  (J.  T.),  and  Noble  (T.  A.). 

510  North  Carolina,  Board  of  Health  of.     Tenth  reiwrt,  1903-1904. 

State  laws  of  North  Carolina  relative  to  pollution  of  wells  and  spring^ 
(p.  79). 

511  Norton  (William  Harmon).     Iowa. 

Water-Sup.  and  Irr.  Paper  no.  114,  V.  S.  Geol.  Survey,  pp.  220-225. 
2  flgs. 

Describes  the  shallow  and  artesian  water  supplies  of  the  various  dis- 
tricts of  the  State,  including  the  Cambrian.  Ordovlcian,  Silurian,  Devonian, 
Carljoniferous,  and  Cretaceous  rocks.  Lists  the  mineral  springs  of  the 
State  and  notes  the  principal  publications  on  underground  waters. 

512  Water  supplies  at  Waterloo,  Iowa. 

Water-Sup.  and  Irr.  Paper  no.  14.1.  I'.  S.  (ieol.  Survey,  pp.  148-155. 

The  Investigation  was  undertaken  to  discover  underground  supplies,  the 
surface  waters  having  caused  a  typhoid  epidemic.  The  geology  and  water 
horizons.  Including  the  St.  Peter  sandstone.  Oneota  limestone.  Jordan  sand- 
stone, etc.,  are  described  and  predictions  made  as  to  the  depth,  quantity, 
quality,  bead.  etc..  to  be  expected  in  a  deep  well.  (The  prediction  has  since 
been  verlfiwl  In  every  particular  by  the  well  sunk  as  a  result  of  Professor 
Norton's  recommendations.     M.  L.  F.) 

O. 

5i:^  O'Harra  (C.  C),  Darton  (N.  H.)   and.     Description  of  the  Aladdin  quad- 
rangle [Wyoming-South  Dakota-Montana]. 

(ieologlc  Atlas  U.  S.,  folio  128.  U.  S.  Geol.  Survey.  8  pp.,  4  maps,  1  col. 
sect.,  1  fig. 

See  Darton  (N.  H.)  and  O'Harra  (C.  C). 
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514  OUphant  (F.  H.).    Petroleum. 

Mineral  Resources  U.  S.  for  1904,  U.  S.  Oeol.  Survey,  pp.  675-759. 
Describes   the  occurrence  of  sait   water  in   the  oil   wells  of  Louisiana 
(p.  708),  Texas   (pp.  712,  713,  714),  Russia   (p.  733),  Germany   (p.  742), 
and  China  (p.  757). 

515 Natural  gas. 

Mineral  Resources  U.  S.  for  1904.  U.  S.  Geol.  Survey,  pp.  761-788. 

Describes  the  occurrence  of  water  In  the  gas  wells  of  Indiana  (p.  772) 
and  Texas  (p.  785).  Notes  that  many  of  the  artesian  wells  along  the  Gulf 
coast  give  off  considerable  natural  gas  with  the  artesian  water  (p.  785). 


516  Pagliucci  (Frank  D.).    The  quicksilver  deposits  of  Hultzuco  [Mexico]. 

Eng.  and  Mln.  Jour.,  vol.  79,  pp.  417-418,  2  figs. 

The  workings  follow  an  old  hot-spring  conduit  or  geyser  pipe.  The  rela- 
tion of  the  quicksilver  deposits  to  this  conduit  are  discussed. 

516a  Palache  (Charles).  Jaggar  (Thomas  A.,  jr.)  and.  Description  of  the 
Bradshaw  Mountains  quadrangle  [Arizona]. 

Geologic  Atlas  U.  S.,  folio  126,  U.  9.  Geol.  Survey,  11  pp.,  4  maps.  1 
illus.  sheet. 

See  Jaggar  (Thomas  A.,  Jr.)  and  Palache  (Charles). 

517  Palmer  (Charles  S.).    The  replacement  of  quartz  by  pyrite. 

Eng.  and  Mln.  Jour.,  vol.  79,  p.  169. 

Discusses  the  agency  of  hot  alkaline  waters  in  the  replacement  of  quarts 
by  p3rrite. 

518  Pammel  (L.  H.)  and  Fogel  (Estelle  D.).     Some  railroad  water  supplies. 

Proc.  Iowa  Acad.  Sci.  for  1904,  vol.  12,  pp.  151-155. 

Gives  the  location  and  depth  of  wells  and  temperatures  and  sanitary 
analyses  of  the  waters  of  wells  in  the  drift  and  St.  Peter  sandstone  of 
Iowa. 

519  Park    (Emma   J.)    and  Lyman    (Kate).    The   Springfield  water  supply: 

Description  of  springs  and  the  geology  of  the  district 

Bull.  Bradley  Geol.  Field  Sta.  of  Drury  Coll.,  vol.  1,  pt.  2,  pp.  45-49. 
Describes  in  some  detail  the  springs  used  for  public  supply  at  Springfield, 
Mo.  The  water  issues  from  the  contact  of  the  Upper  and  Lower  Burlington 
limestones,  but  part  may  come  from  the  St.  Peters  sandstone  along  a 
near-by  fuult.  The  sinks  and  caverns  of  the  region  are  mentioned  and  the 
question  of  pollution  of  the  limestone  waters  considered. 

520 The  Hannibal  formation  in  Greene  County  [Missouri], 

Bull.  Bradley  Geol.  Field  Sta.  of  Drury  Coll.,  vol.  1,  pt.  2,  pp.  79-90. 
Describes  springs  from  contact  of  Lower  Burlington  and  Chouteau  lime- 
stones, the  water  coming  from   large  solution  passages  or  caves    (p.   81). 
The  composition  of  the  well  and  spring  waters  from  the  Hannibal  formation 
are  considered  and  analyses  of  the  water  given    (p.  87-88). 

521  Park  (James).     Ore  deposits  in  relation  to  thermal  activity. 

-Eng.  and  Mln.  Jour.,  vol.  70.  pp.  (;00-«07  ;  continued  on  pp.  700-701. 
These   articles   are   abstracts    from    **  Mining   geology,"    by    Prof.    James 
Park,  in  the  Australian  Mining  Standard,  January  26,  1905.     Describes  in 
considerable    detail    the    relations    of    hot    springs    and    fumaroles    to    ore 
deposits. 

522 Metasomatlc  replacement. 

Eng.  and  .Mln.  Jour.,  vol.  79,  p.  799. 

This  article  Is  an  abstract  from  "  Mining  geology,"  by  Prof.  James  Park,j 
In  the  Australian  Mining  Standard,  January  26,  1905.  Discussion  of  mlBiA 
eral  solutions  in  metasomatlc  replacement  gVveii  \Ti  coiiA\^^x^\^  ^<i^»^\.      ^ 
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523  Park  (James).    Contact  metamorphlc  deposits. 

Eng.  and  Min.  Jour.,  vol.  79,  pp.  806. 

Contains  discussions  of  the  agency  of  underground  water  In  contact  me 
morphism.     This  article  is  an  abstract  from  "  Mining  geology,"  by  PraL 
James  Park,  In  the  Australian  Mining  Standard,  February  16,  1905. 

524  The  formation  of  veins. 

Eng.  and  Mln.  Jour.,  vol.  79,  pp.  941-942. 

This  article  Is  an  abstract  from  **  Mining  geology,**  by  Prof.  Jamca  PiTt 
in  the  Australian  Mining  Standard,  February  23,  1900.  The  agCMy  «( 
underground  waters  In  the  formation  of  relna  le  dlecuwed. 

525 Tbeorieci  of  vein  formatiwi. 

Eng.  and  Mfn.  Jour.,  vol.  79,  pp.  99S-094. 

Discusses  the  eruptive  after-action,  lateral-secretion,  and  ascension  tbso- 
ries.  This  article  Is  an  abstract  from  "  Mining  geology,**  by  Prof.  Jamn 
I*ark,  in  the  Australian  Mining  Standard,  February  16,  1905. 

526  Absorption  of  metals  by  silica  and  clays  in  relation  to  ore  deposition. 

Eng.  and  Min.  Jour.,  vol.  79.  p.  1242. 
Discusses  the  power  of  clays,  etc.,  of  extracting  metala  from  mineralised 
underground  waters. 

527  [Peale,  A.  C]     Mineral  waters. 

Mineral  Resources  U.  S.  for  1904,  U.  S.  Oeol.  Survey,  pp.  1185-1208. 

Both  production  and  value  show  a  large  gain  over  1903.  The  production 
is  given  as  67,718,500  gallons  and  the  value  as  $10,.398,450.  A  list  of  the 
commercial  springs  is  given.  A  list  of  the  mineral  waters  on  exhibition  at 
the  Louisiana  Purchase  Exposition  is  given.  Tables  showing  the  imports 
of  mineral  waters  from  1867  to  1904  and  exports  from  1875  to  1883  are 
also  given. 

528  Peary  (Robert  E.).    Address  delivered  at  the  annnal  meeting  of  the  Amer- 

ican Geographical  Society,  January  24,  1JK)5. 

Hull.  Am.  (;ei)g.  Soc.  vol.  .'{7.  pp.  121)-14a. 

Nutes  the  Hinklng  of  nrtosian  wells  in  the  Al);erlan  Sahara,  and  briefly 
discusses  the  underground-wuter  conditlous  and  the  use  of  the  water  in 
irrigation  (p.  137). 

530  Pendell  ((icorpro).     Pumping  plants  and  irripition  at  El  Paso,  Tex. 
Irrigation  Aid.  vol.  1,  no.  0,  p.  H. 
Mentions  several  wells  from  which  wntor  is  iis«'d  for  irrigation. 

5.'U  Perkins  (F.  C).  Latest  electrical  equipment  of  the  Karawanken  tunnel 
[Austria-Hungary]. 

Min.  and  Scl.  Press,  vol.  fll,  p.  275. 

Notes  the  encountering  of  a  consideraljle  amount  of  water  In  the  excava- 
tion of  the  tunnel. 

r)31i  Perkins  ((Jeorge  H.).     Vermont. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  fleol.  Survey,  pp.  60-67.  1  fig. 

Discusses  pul^ic  supplies  from  springs  and  gives  table  (pp.  60-62)  ; 
discusses  common  and  mineral  springs  and  gives  analyses  and  list  of  com- 
mercial springs  (pp.  02-04).  Descrll)es  distribution  of  ordinary,  deep,  and 
artesian  wells  and  gives  map  (pp.  04-0r>).  Emphasizes  the  abundance  of 
water  (pp.  00-07).     (ilves  list  of  pul)llcatlon8  (p.  07). 

5.'{3  Perkins  (\V.  R.),  Lo^n  (\V.  X.),  and.  The  underground  waters  of  Mis- 
sissippi. 

Bull.  Mississippi  Agr.  Kxp.  Sta.  no.  89,  112  pp.,  23  figs. 
See  Logan  (W.  N.)  and  Perkins  (W.  R.). 


UNITED   STATES   IN    1905.  63 

534  Philips  (William  Battle).  The  quicksilver  deposits  of  Brewster  County. 
Tex. 

Econ.  Geol.,  vol.  1  pp.  155-162. 

Describes  caverns  in  the  Upper  Cretaceous  and  their  contained  cinnabar 
deposits   (p.  158). 

535Pittman  (E.  F.)  and  David  (T.  W.  E.).  Irrigation  geologically  consid- 
ered with  8i)ecial  reference  to  the  artesian  area  of  New  South 
Wales.- 

Jour,  and  Proc.  Roy.  Soc,  N.  8.  Wales,  eng.  sect.,  vol.  37.  pp.  clii-ciiil, 
2  pis.     Abstract  :   Exp.  8ta.  Record,  vol.  17,  no.  2,  p.  193. 

Summarizes  present  state  of  knowledge  and  gives  list  of  papers  bearing 
on  the  subject. 

536  Porter  (Rufus  K.).    Timber  tunneling  in  quicksand. 

Jour.  Assoc.  Eng.  Soc,  vol.  35.  pp.  61-76,  11  fl;?8. 

Describes  the  methods  used  in  driving  a  timber  tunnel  in  quicksand  at 
Newton,  Mass.,  10  feet  below  the  ground-water  level.     Contains  descrip- 
tions of  the  water  encountered  and  how  it  was  disposed  of. 

537 Driving  a  tunnel  in  quicksand. 

Mines  and  Minerals,  vol.  26,  pp.  219-221,  10  figs. 

Describes  the  method  used  in  driving  a  tunnel  in  quicksand  at  Newton, 
Mass.,  where  the  level  of  ground  water  was  10  feet  above  grade. 

I     538  Potter    (Alexander).     Breakage  in  sewer  conduits;  its  cause,  effect,  and 
prevention. 

Jour.  Assoc.  Kng.  Soc,  vol.  35,  pp.  190-213. 
!  Discusses  the  admission  of  ground  water  into  sewers  through  defective 

t  pipes.     Notes  that  in  one  case  such  inflow  caused  a  lowering  of  the  ground- 

I  water  table. 

539  Pratt  (Joseph  Hyde)  and  Lewis  (Joseph  Volney).  Corundum  and  the 
peridotites  of  western  North  Carolina. 

North  Carolina  Cieol.  Survey,  vol.  1,  464  pp.,  45  pis.,  35  figs. 

Mentions  relation  of  perldotite  weathering  to  percolation  of  water  (p. 
65)  ;  describcH  leaching  effect  of  inflltrating  waters  (p.  113).  relations  of 
serpentinization  to  zone  of  hydration  (pp.  llS-121),  of  chlorltization  to 
infiltrating  solutions  (p.  123)  ;  mentions  hypothesis  for  formation  and  alter- 
ation of  corundum  through  agency  of  percolating  and  permeating  waters 
(pp.  270,  340,  341,  347). 

540  Fressey  (Henry  A.).    Water  powers  of  the  southern  Appalachian  region. 
Forestry  and  Irrigatton.  vol.  11,  pp.  498-512,  5  figs. 

Mentions  the  existence  of  many  springs  on  the  mountains  and  discusses 
the  relation  of  forests  to  springs  and  stream  flow. 

t'Al  Pumpelly  (Raphael  W.).  "Physiographic  observations  between  the  Syr 
Darya  and  Lake  Kara  Kul,  on  the  Pamir,  in  1903." 

Explorations  in  Turkestan  with  un  account  of  the  basin  of  eastern  Persia 
and  Sistiin— Curnegie  Institution  of  Washington,  1905,  pp.  123-155,  38 
flgs,  2  maps. 

Notes  absorption  of  water  of  mountain  streams  In  the  sands  of  the  Kara 
Kul  desert   (p.  132). 

542  Purdue  (A.  11.).     Northern  Arkansas. 

Water-Sup.  and  I  it.  Paper  no.  114,  V.  S.  Geol.  Survey,  pp.  188-197,  1  pi., 
2  flgs. 

I)e8crll)es  the  underground-water  conditions  in  the  Boone  chert  area,  in 
the  Boston  Mountains  area,  in  the  Paleozoic  area,  and  in  the  Tertiary 
region,  discussing  conditions  for  wells.  Enumerates  the  mineral  springs 
and  the  principal  publications  bearing  on  underground  waters  in  that  part 
of  the  State. 
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543  Purdue  (A.  H.).     Water  resources  of  the  Winslow  quadrangle,  ArkanM 

Water-Sup.  and  In*.  Paper  no.  145,  V.  S.  (Jeol.  Survey,  pp.  84-87. 

Describes  the  underground-water  conditions  and  discusses  the  quant 

and  quality  of  the  supplies  of  wells  and  springs  in  the  Boone  and  IMtl 

limestones.  Hall  sandstone,  and  Winslow  sandstones  and  shales.     One  e 

phur  spring  is  described. 

544 Water  resources  of  the  contact  region  between  the  Paleozoic  and  JkJ 

sissippi  embayment  deiwsits  in  northern  Arkansas. 

Water-Sup.  and  Irr.  Paper  no.  145,  U.  S.  Geol.  Survey,  pp.  88-110. 

Discusses  the  topography  and  geology  of  the  region,  and  considers 
underground- water  supplies  from  the  Ordovician  beds,  Boone  format! 
Batesville  sandstone,  Pitkin  limestone,  and  Morrow  formation  of  the  hi 
lands,  and  of  the  Tertiary  and  later  horizons  of  the  lowlands.  The  d 
vatlon  of  water  from  rainfall,  the  conditions  of  absorption  from  rivers,  > 
the  source  from  underlying  Paleozoic  rocks  are  considered.  The  w« 
horizons  are  not  continuous  and  flows  are  not  to  l)e  expected.  The  c 
position  of  tM  water,  methods  of  sinking  wells,  capacity,  and  sanitary 
cation  of  wells  are  also  discussed. 

545  Pynchon  (W\  H.  C).     Drilled  wells  of  the  Triassic  area  of  the  Connectl 

Valley. 

Water-Sup.  and  Irr.  Paper  no.  110,  V.  S.  Geol.  Survey,  pp.  65-94,  2  1 

Describes  a  considerable  number  of  wells,  and  the  relation  of  the  oc< 

rence   of   water    to    the   geology.     Emphasizes    the    uniform    water-bear 

character  of  the  sandstones,  the  high  percentage  of  mineral  matter,  and 

general  absence  of  flowing  wells.     Gives  analysis  and  many  brief  recoi 

B. 

546  Bafter  (George  W.).     Hydrology  of  the  State  of  New  York. 

Bull.  New  York  State  Mus.  no.  85.  002  pp..  45  pis..  74  flgs.,  5  maps. 

Discusses  relation  of  rainfall  to  run-off,  including  effect  on  level  i 
fluctuation  of  water  table  (pp.  114-2():i),  and  relation  of  geologic  struct 
to  run-off  (pp.  162-172).  Montion.s  use  of  wells  in  New  York  City  ( 
676-679).  Descrllies  relations  of  open  and  driven  wells  on  Ix>ng  Islj 
for  the  Borough  of  Brooklyn  (pp.  (;si-r>«):;i.  and  discusses  the  unfa\ 
able  conditions  for  such  supplies  elsewhere  In  the  State  (pp.  713—71 
Describes  supplies  obtained  from  wells  and  sprin;irs  in  western  New  Y 
(pp.  844-86.3). 

547  Bansome  (Frederick  Leslie).     The  present  standing;  of  applied  geology. 

Econ.  Geol..  vol.   1.  pp.  l-K). 

Considers  briefly  the  relative  Importance  of  raeteoilc  and  magme 
waters,  and  quotes  Becker  on  artesian  orl;;in  of  the  hot  waters  of  the  Ci 
stock  lode  (p.  8). 

548  Lindgren    (Waldoniar)    and.     The   gH)loj;i('    icsurvcy    of   the    Crip 

Creek  district.  Colorado. 

Bull.  r.  S.  (JeM.  Survey  no.  2(>().  pp.  S.')  OS. 

See  Lindgren   (Waldemar)   and   Ransoinc   (Frederick  Leslie L 

549  Bead    (Thomas   Thornton).     The  phase   rule   and   (•oncei)tlons   of   Ignec 

magmas.     Their  hearing  on  ore  deposition. 

Econ.  (fCol..   vol.   1,   pp.   101 -lis 

Considers  the  relative  iniportanci'  of  meteoric  and  magmatic  waters  ( 
101-102)   and  the  origin  of  the  latter    (pp.   loi.   117). 

550  Platinum  and  palladium  in  certain  copi>cr  ores. 

Eng.  and  Min.  .Tour.,  vol  70.  pp.  OS.'-OSfJ.  .'{  n^s. 

Contains  a  discussion  of  the  a;;ency  of  mineralized  underground  wat 
in  the  formation  of  chalcopyritc,  covellite,  and  chalcocite. 
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551  Reagan  (Albert  B.).    Some  geological  observations  on  the  central  part  of 

the  Rosebud  Indian  Reservation,  South  Dakota. 

Am.  Geologist,  vol.  36.  pp.  229-243. 

Notes  the  occurrence  of  sinks  and  springs,  and  considers  the  composition 
of  spring  and  well  waters.  A  map  of  some  of  the  sinks  is  given.  The 
waters  are  from  Cretaceous  and  Tertiary  deposits  (pp.  240-241). 

552  Seid  (John  A.).     Some  underground  waters  and  tlieir  work. 

California  Jour.  Technology,  vol.  5,  pp.  117-121,  7  figs. 

Discusses  the  agency  of  the  thermal  waters  of  the  Comstock  Lode, 
Nevada,  in  the  decomposition  of  the  country  rock  and  the  deposition  of 
the  ores.     Several  analyses  of  mine  waters  are  given. 

553 Structure  and  genesis  of  the  Comstock  Lode. 

Min.  and  Sci.  Press,  vol.  91,  p.  244. 

An  extended  discussion  of  the  agency  of  mineral  solutions  in  the  forma- 
tion of  the  ore  deposits  of  the  Comstock  Lode. 

554 Some  underground  waters  and  their  work. 

Min.  Reporter,  vol.  51.  pp.  642-644,  7  figs. 

Gives  'analysis  of  several  Nevada  mine  waters  and  discusses  the  altera- 
I  tlon  of  rocks  by  heated  mineral  waters. 

555 The  structure  and  genesis  of  the  Comstock  Lode.     [Nevada.] 

Bull.  I>ept.  Geol..  Univ.  Cal.,  vol.  4,  no.  10,  pp.  177-199. 
Discusses   the   agency   of   underground    waters    In   ore   deposition ;  gives 
analyses  and  assays  of  the  deep  and  vadose  waters  of  the  mines. 

556  Bice  (Thomas  D.)  and  Oeib  (W.  J.).  Soil  survey  of  the  Gainesville  area, 
Florida. 

Field  Operations  of  the  Bureau  of  Soils,  1904.  U.  S.  Dept.  Agr.,  pp. 
269-289,  1  map.  1  tig. 

Describes  sink  holes  and  limestone  caverns   (p.  274). 

^T and  Oeib  (W.  J.).     Soil  survey  of  Warren  County,  Kentucky. 

Field  Operations  of  the  Bureau  of  Soils,  1904.  U.  8.  Dept.  Agr.,  pp. 
527-541,  1  map,  1  fig. 

Describes  the  occurrence  of  Hlbk  holes  and  their  connection  with  lime- 
stone caverns  (p.  ."»3(M. 

^^ and  Griswold  (I^ewis).     Soil  survey  of  Acadia  Parish,  I>ouisiana. 

Field  Operations  of  the  Bureau  of  Soils,  1903,  U.  8.  Dept.  Agr.,  pp. 
461-485.  1  fig.,  1  map. 

Describes  irrigation  from  wells  sunk  to  the  Lafayette  formation,  and 
states  that  a  few  of  the  wells  are  flowing.  Describes  the  geological  occur- 
rence of  the  water  and  the  change  from  fresh  water  to  salt  water  by 
continued  pumping  In  time  of  drought   (pp.  477-478). 

558a  Bichards  (Ellen  II.)  and  Woodman  (Alpheus  G.).  Air,  water,  and  food 
from  a  sanitary  standpoint. 

New  York  and  I»ndon,  1904,  202  pp..  18  figs.,  1  map. 

Gives  analytical  i)rocedure  for  the  sanitary  examination  of  waters,  and 
discusses  particularly  the  interpretation  of  the  analytical  data  obtained  by 
the  examination  of  well  water. 

559  Bichardson  (George  B.).  Salt,  gypsum,  and  petroleum  in  trans-Pecos, 
Texas. 

Bull.  r.  S.  (leol.  Survey  no.  260.  pp.  573-585. 

Notes  the  relation  of  the  ground-water  level  to  salt  deposits  (p.  580>« 
considers  the  occurrence  of  artesian  water  and  wells  (p.  581).  gives  well 
record  (p.  583),  and  describes  caves  and  channels  in  gypeom  (p.  585). 

isB  lea— 06 6 
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560  Bichardson  (George  B.).    Native  sulphur  in  EI  Paso  County.  Texas. 

Bull.  IT.  S.  Geol.  Survey  no.  260,  pp.  .'589-592. 

Describes  the  shallow  mineralized  waters  (p.  590)  and  notes  the  depo- 
sition of  gypsum  by  the  evaporation  of  the  ground  waters  (p.  5»0). 
Caves  in  gypsum  are  also  mentioned  (p.  591). 

501  Biemer  (W.  H.  V.).     An  exi)eriment  and  an  experience  in  sewage  di8i)08al 
Municipal  Engineering,  vol.  29.  pp.  252-253. 

Discusses  the  difficulties  encounteried  in  the  management  of  the  sewage 
plant  due  to  the  reduced  amount  of  ground  water  entering  the  sewers. 

5r>U  Bix  (Edward  A.).     Compressed  air  on  tlie  Pacific  coast. 

Mines  an<^  Minerals,  vol.  25,  pp.  465-472,  15  figs. 

Notes  the  encountering  of  a  large  flow  of  water  In  the  Brunswick  mine. 
Grass  Valley,  California  (p.  468)  ;  describes  the  use  of  compressed  air  in 
increasing  the  flow  of  an  artesian  well  at  Tulare  (pp.  469-470)  ;  describes 
the  puihping  plant  of  the  Los  Angeles  well  system  (p.  470). 

5<J3  Boadhouse  (J.  E.).     Irrigation  conditions  In  Imperial  Valley,  California. 
Bull.  Office  of  Exp.  Sta..  V.  S.  Dept.  Agr.,  no.  158.  pp.  175-194,  1  pi. 
Describes  seepage  and  its  relation  to  loss  of  water  from  canals  (pp.  180- 
189). 

564  Boberts  (L.  H.).  Watering  the  desert:  A  short  history  of  the  300-mlK 
pllH»  system  supplying  water  to  the  Coolgardie  gold  fields  and  dls 
trict  In  Australia. 

Technical  World  Magazine,  vol.  3.  pp.  85-86.  .S  flgs. 
Notes  the  encountering  of  salt  water  In  mines. 

505  Boot  (Aldert  S.),  Mackie  (W.  W.),  Lapham  (Macy  H.).  and.  Soil  sur- 
vey of  the  Sacramento  area,  California. 

Field  Operations  of  the  Bureau  of  Soils.  1904.  l'.  S.  Dept.  Agr.,  pp.  1041>- 
1087.  1  map.  1  fig. 

See  Lapham   (Macy  H.),  Root  (Aldert  S.),  and  Mackie  (W.  W.). 

,'>(U)  Boss  (Berta).     Hahatonka  [Missouri J. 

Bull.  Bradley  (Jeol.  Field  Sta.  of  Drury  Coll..  vol.  1,  pt.  2.  pp.  68-71. 

Describes  llahn tonka  and  other  springs,  sinks,  caves,  underground  chai» 
nels,  and  natural  bridge,  together  with  cave  deposits.  The  proposal  t<' 
utilize  the  spring  for  power  is  note<l.  the  result  of  damming  on  the  under- 
f^round  drainage,  and  the  possible  opening  of  new  outlets  considered. 

r»()7  Boss  (D.  W.),  Whistler  (J.  T.),  and  Noble  (T.  A.).  Report  of  progress  of 
Stream  measurements  for  the  calendar  year  1904  :  Part  XII.  Colum- 
bia River  and  Puget  Sound  drainage. 

Water-Slip,  and  Irr.  Paper  no.  Ki.").  V.  S.  (Jeol.  Survey.  WO  pp. 

(ilves  discharge  of  the  following  Idaho  springs  (pp.  L'71-273)  and  con- 
siders the  use  of  several  for  Irrigation  :  Hoar.  1\\'^.  Bine.  Caldwell,  East 
Bald  Cabin.  West  Bald  Cabin.  (Jarner.  <I()If.  (Jreen.  (Jrlzzly.  Ilawley,  Hock. 
Sherwood.  Thompson,  Thurinan.  and  Whitman. 

."ills  Bowe  (.Tesse  l*erry).     Montana  gypsum  deposits. 
Am.  (ieologlst,  vol.  ;i.">.  pp.  104-tl.'t. 

Notes  the  presence  of  calcium  sulphate  and  the  deposition  of  gypsum  by 
s[)rings  In  Montana. 

."»(;!»  Bussell  (Israel  (\).  Preliminary  report  on  the  geology  and  water  re- 
sources of  (-(^ntral  Oregon. 

Bull.  V.  S.  (ieol.  Survey  no.  252.  l.SS  pp.,  24  pis.,  4  figs. 

Mentions  large  springs  In  river  beds  (pp.  18-10)  :  descrll>es  Indurating 
effect  of  silica  waters  (p.  :V2)  ;  describes  conditions  relative  to  artesian 
areas  and  wells  (pp.  .'»t>-122)  ;  descrilies  thermal  and  normal  springs  (pp. 
41,  5.^>-00).  drilled  wells  (p.  41  >,  deep  driven  wells  (p.  84),  horizontal  wells 
(pp.  06,  70),  and  gives  weU  records  (pp.  42,  84). 
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570  Bussell  (Israel  C).  A  geological  reconnaissance  along  the  north  shore 
of  Lakes  Huron  and  Michigan. 

Add.  Rept.  Michigan  Geol.  Survey,  1904,  pp.  33-114,  11  pis.,  1  flg.,  3 
maps. 

Describes  knob  and  kettle  topography  due  to  solution  of  gypsum  beds 
(p.  44)  and  formation  of  breccia  by  settling  of  overlying  beds  (p.  45). 

571 The  influence  of  caverns  on  topography. 

Science,  new  ser.,  vol.  21,  pp.  30-32. 

Describee  hills  left  in  relief  owing  to  subterranean  drainage,  and  gives 
examples  at  Luray,  Va.,  at  Mackinac  Island,  Michigan,  and  at  Gibraltar. 

572  Butherford  (Rutledge).     Rice  Cultivation  in  America. 

Technical  World  Magazine,  vol.  4.  pp.  234-240,  7  figs. 
Describes  the  use  of  artesian-well  water  in  the  irrigation  of  rice  fields  of 
southern  United  States. 

S. 

573  San  Antonio  Gazette.    Irrigation  in  artesian  belt. 

Irrigation  Aid,  vol.  3,  no.  1,  pp.  9-12. 

Gives  a  description  of  the  wells,  springs,  and  underground-water  condi- 
tions in  southwestern  Texas. 

574  Sanchez  (Alfreil  M.).     Soil  survey  of  the  Provo  area.  Utah. 

Field  Operations  of  the  Bureau  of  Soils.  1003,  U.  S.  Dept.  Agr..  pp.  1121- 
1150,  1  fig.,  3  maps. 

Gives  a  map  (Mup  6.*))  showln^i:;  the  depth  to  the  water  table  and  dis- 
cusses depths  and  relation  to  alkali  and  seepage  (pp.  1138-1141).  Men- 
tions irrigation  by  flowing  wells  (p.  1134). 

575  Savage  (T.  E.).     Geologj'  of  Benton  County  [lowal. 

Ann.  Rept.  Iowa  (Jeol.  Survey,  1904,  vol.  15,  pp.  127-225,  14  figs..  1  map. 
Mentions  shallow  wells,  springs,  flowing  artesian  wells,  and  well  water 
for  town  and  farm  use  (p.  224). 

57«  Schardt    (II.)    [in   Engineering  Magazinel.     The  geologj-  of  the  Simplon 
tunnel  [hetween  Switzerland  and  Italy]. 
MIn.  Reporter,  vol.  52,  p.  314. 

Contains  a  description  of  the  springs  encountered  in  the  construction  of 
the  tunnel. 

577  Scherer  (George  H.).     Geology  of  the  Haha tonka  district,  Camden  County 

[Missouri]. 

Bull.  Bradley  Oeol.  Field  Sta.  of  Drury  Coll..  vol.  1.  pt.  2,  pp.  58-67. 

ConsldoiH  i>art  of  hot  j^iround  waters  accompanying  pegmatite  lutruslon 
in  formation  of  chert  (p.  60).  describes  springs  and  wells  of  the  Decatur- 
vllle  "dome"  (pp.  G2-63).  discusses  availability  of  springs  for  water  power 
(p.  63),  and  ^Mves  well  records  and  analyses   (pp.  63-67). 

578  Schlundt    (Ilennan)    and   Moore    (Richard   B.).     Radio-activity   of   some 

deep- well  and  mineral  waters. 

Jour.  Physical  Chomistry.  vol.  1),  pp.  320-332. 

Describes  methods  and  pives  results  of  experiments  on  the  radio-active 
properties  of  deep-well  and  spring  waters  In  the  limestone  near  Columbia, 
Mo.     The  location,  depth,  and  method  of  pumping  the  wells  are  given. 

579  Schoch   (Edward  R.).     The  jrcnesis  of  the  Tarkwa  Banket.     [Gold  Coast, 

Africa.] 

Eng.  and  Mln.  .Tour.,  vol.  70,  pp.  123.'i-1236. 

Discusses  the  agency  of  mineral-bearing  solutions  in  the  formation  ot 
these  deposits. 
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580  Schrader    (F.   C.)    and  Haworth    (Erasmus).     Oil   and  gas  of  the  Inde- 

pendence quadrangle,  Kansas. 

Bull.  U.  S.  Geol.  Survey  no.  260,  pp.  446-458. 
Gives  nummary  of  drilliug  in  1904. 

581  Schultz  (Alfred  R.).     Wisconsin  district. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  233-241.  2  fig». 

Describes  the  underground-water  resources  of  the  State  and  the  occur- 
rence of  water  in  the  Potsdam  sandstone,  Lower  Magnesian  limestone,  St 
Peter  sandptone,  Galena-Trenton  limestone,  Niagara  limestone,  and  drift 
deposits.  Describes  the  occurrence  of  springs  and  mineral  waters  and  llsU 
the  important  mineral  springs.  Notes  several  publications  on  underground 
waters. 

582  Schwarz   (T.  E.)-    Features  of  the  occurrence  of  ore  at  Red  Mountain, 

Ouray  County,  Colorado. 

Bimonthly  Bull.  Am.  Inst.  Min.  Eng.  no.  2,  pp.  267-274,  3  figs. 

Ascribes  the  origin  of  the  Yanlcee  Girl  ore  body  tq  secondary  enrichment 
by  descending  acid  solutions,  and  quotes  W.  H.  Weed  as  explaining  the 
occurrence  of  enargite  in  the  Butte  mines  as  a  secondary  product  de- 
posited by  ascending  alkaline  solutions. 

583  Science.     [Review  of  notes  on  the  spring  waters  of  Massachusetts,  pub- 

lished in  "  Contributions  to  the  Hydrology  of  eastern  United  States, 
1903"]. 

Science,  new  ser.,  vol.  21,  pp.  279-280. 

Notes  economic  value  and  distribution  of  springs  and  cooperation  of 
drillers. 

584 [Notes  on  the  work  of  the  division  of  hydrology  of  the  U.  S.  Geological 

Survey]. 

Science,  new  ser.,  vol.  21,  pp.  319-320. 

Compares  this  division  with  similar  divisions  in  other  countries,  and 
notes  the  establishment  of  such  bureaus  in  Brazil  and  Peru. 

585  [Investigation  of  "blowing"  or  "breathing"  wells]. 

Science,  new  ser.,  vol.  22,  pp.  415-410. 

Refers  to  breathing  wells  in  Nebraska  and  Louisiana,  and  attributes 
their  peculiarity  changes  in  atmospheric  pressure  or  temperature. 

586 [Ground  water  in  crystalline  rocks  in  Conne<*ticutl. 

Science,  new  ser.,  vol.  22,  p.  476. 

States  that  the  water  is  frequently  under  artesian  pressure,  and  bears  a 
definite  relation  to  the  drift. 

5K7  Scientiflc  American.     The  dangers  and  dlfficultleH  of  tunnel  boring. 
Toinpressed  Air.  vol.   10.  pp.  3633-3034. 

Mentions  the  encountering  of  hot  springs  In  the  Simplon  tunnel  between 
Switzerland  and  Italy. 

r,88  An  explanation  of  ice  caves. 

Sel.  Am.  vol.  02,  p.  470. 

Describes  results  recently  obtained  from  experiments  by  Schwalbe. 

580  Scientific    American    Supplement.     Comiwsition    of    gasos    from    mineral 
springs,  helium,  etc.,  and  radio-activity. 
Sci.  Am.  Supp..  vol.  50.  pp.  24294-24205. 

Describes  the  results  obtained  from  a  study  of  the  radio-active  gases  of 
several  European  springs. 

50<)  [Removal  of  iron  from  subterranean  water.] 

Sol.  Am.  Supp.,  vol.  60.  p.  24875. 

Describes  the  removal  of  iron  from  Ihe  subterranean  water  supply  of 
lierlin,  Germany.  The  water  is  taken  from  25  wells  on  the  shore  of  Lake 
Tege). 
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Shamel  (Charles  H.).    The  American  law  relating  to  minerals. 
School  of  Mines  Quarterly.  Columbia  Univ.,  vol.  27.  pp.  1-27. 
DiscuBses  the  law  relatlnf?  to  underground  waters.     Many  citations  are 
given  (pp.  17-19,  22). 

Shepard  (Edward  M.).  Spring  system  of  the  Decatiirville  Dome,  Camden 
Countj',  Mo. 

Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol.  Survey,  pp.  lia-125, 
4  figs. 

Describes  a  line  of  springs  surrounding  the  Dome  and  the  radiation  of 
their  channels  from  the  center  of  the  Dome.  Describes  many  springs, 
sink  holes,  and  artesian  wells.     Gives  water  analysis. 

Missouri. 

Water-Sup.  and  Irr.  Paper  no.  114.  U.  S.  Geol.  Survey,  pp.  209-219, 
3  figs. 

Describes  the  underground-water  resources  of  the  Northwestern  Plateau 
district.  North-central  Plain  district,  the  Osark-St.  Francis  Dome,  and  the 
Southeastern  lowlands,  describing  in  detail  numerous  springs,  wells,  and 
water-bearing  formations.  Lists  the  important  mineral  springs  and  publi- 
cations relating  to  underground  waters  of  the  State. 

The  New  Madrid  earthquake. 

Jour.  Geol.,  vol.  13,  pp.  45-62. 

This  paper  is  a  discussion  of  the  New  Madrid  earthquake  and  the  rela- 
tion of  some  of  Its  phenomena  to  artesian  conditions.  Among  the  sub- 
jects considered  are  the  extrusion  of  water  or  mud  by  the  quake  (pp.  46, 
47,  57,  58).  artesian  wells  at  Memphis  Tenn.,  Jackson,  Miss.,  and  at 
points  in  Kentucky,  Missouri,  and  Arkansas  (p.  53),  springs  and  dis- 
charged sands  (pp.  54,  56),  relation  of  earthquake  to  artesian  conditions 
(pp.  59,  61,  62),  and  the  effect  of  recent  earthquakes  on  wells  (p.  59)  and 
springs  (p.  60). 

Shermaji  (Charles  \V.).    Waterworks  statistics  for  the  year  1904,  in  form 
adopted  by  the  New  England  Waterworks  Association. 
Jour.  New  England  Waterworks  Assoc,  vol.  19,  pp.  241-263. 
Gives   references   to   previous   compilations   of   statistics    (pp.   241-243). 
Many  towns  are  listed  which  derive  their  supply  from  wells  and  springs. 

Shnable    (E.  R.).     A  criticism  of  timber  specifications  and  a  suggested 
method  of  recording  earth  borings. 
Eng.  News,  vol.  53,  p.  20. 

Presents  two  forms  of  recording  borings  and  suggests  the  keeping  of 
time  consumed  in  passing  through  each  strata. 

Siebenthal  (C.  E.).     Structural  features  of  the  Joplin  district  [Missouri]. 
Econ.   Geol.,   vol.    1    pp.    119-128. 

Discusses  the  formation  of  caverns  by  solution  and  the  development  of 
underground -drainage  systems,  and  suggests  the  settling  of  the  roofs 
of  the  caverns  as  the  cause  of  some  of  the  faulting  (pp.  127-128). 

Skinner  (S.  A.).  Some  observations  on  the  use  of  alkaline  waters  for 
laundry  puriMjses. 

Jour.  Am.  ('hem.  Soc.  vol.  27,  pp.  165-167. 

Descril»es  the  use  of  a  strongly  alkaline  artesian  water  In  a  steam 
laundry  and  the  difficulties  encountered.  An  analysis  of  the  water  is 
given.  A  lar^e  nniount  of  free  ammonia  is  noted,  and  it  Is  stated  that 
"  Wanklyn  and  Chapman,  in  their  treatl.se  on  water  analysis,  are  authority 
for  the  statement  tliat  such  a  condition  is  sometimes  met  with  in  deep  j 
waters  that  are  or;;auIcally  pure."  jl 
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r»9S)  Slichter  ((^linrles  S.).  Description  of  underflow  meter  used  in  measuring 
tlie  velocity  and  direction  of  movement  of  uuderjrround  water. 

Water-Sup.  and  Irr.  Paper  no.  110.  V.  S.  (ieol.  Survey,  pp.  17-31.  4  pU.. 
8  flgs. 

Descrllies  a  method  of  measurement  by  means  of  test  wells  and  an 
electrical  device  by  which  the  velocity  of  a  certain  salt  in  the  water  Is 
measured. 

000  The  California  or  "  Stove|)ii>e  "  method  of  well  construction. 

Water-Sup.  and  Irr.  l*aper  no.  110,  V.  S.  Geol.  Survey,  pp.  32—36,  3  figs. 
Mentions  a  system  of  perforating  the  casings  at  horlscons  where  water 
Is  known  to  occur. 

(lOl  Approximate  methods  of  measuring    the  yield  of  flowing  wells. 

Water-Sup.  and  Irr.  Pai)er  no.  110,  U.  S.  (ieol.  Survey,  pp.  37-42,  2  figs. 
Describes  and  gives  tables  for  a  method  of  calculation  by  measuring  the 
height  or  lateral  projection  of  a  Jet  of  water. 

G02  Field  measurements  of  the  rate  of  movement  of  underground  waters. 

Water-Sup.  and  Irr.  Paper  no.  140.  U.  S.  Geol.  Survey,  122  pp. 

Discusses  the  capacity  of  sand  to  transmit  water  and  describes  labora- 
tory experiments  on  the  tlow  In  sands  and  gravels.  The  use  of  the  under- 
flow meter  Is  considered  In  detail  and  the  results  of  measurements  of  under- 
flows in  California  and  New  York  given.  Attention  is  paid  to  the  specific 
capacity  of  wells  as  shown  by  tests,  to  the  tests  of  typical  pumping  plants 
In  Texas  and  New  Mexico,  and  to  the  California  or  **  stovepipe "  method 
of  well  construction. 

603  Observations  on  the  ground  waters  of  Rio  Grande  Valley. 

Water-Sup.  and  Irr.  Paper  no.  141,  U.  S.  Geol.  Survey.  83  pp. 

Describes  the  underflow  conditions  near  El  Paso,  Tex.,  illustrates  various 
methods  of  drilling,  considers  the  methods,  results,  and  cost  of  pumping 
and  the  resultant  lowering  of  the  water  table,  and  gives  a  number  of 
analyses  of  the  ground  waters. 

(>04  The  underflow  of  the  Arkansas  Rivor. 

Abstract :  Science,  new  ser.,  vol.  21,  p.  *.Ku. 

IHscusses  variation  in  rate  of  underflow,  and  connection  of  the  movement 
with  the  river. 

(M)5  Smith  (Erastus  G.).  The  Mississippi  River  as  the  source  of  water  supply 
for  the  inhabitants  of  the  Mississii)i)i  Valley. 

.Tour.  New  England  Waterworks  Assoc,  vol.   11>.  j)]).  U15-2.S1. 
.Notes  the  calcareous  nature  of  the  ^'Indal  drift  In  the  Mississippi  Valley 
and  the  resulting  hard   river  and  surface  well   waters   In   this  section    (pp. 
l'lT-1'18). 

000  Smith  (  KuK^ne  Allen).     Alabaniii. 

Water-Sup.  and  Irr.  Paper  no.  114.  V.  S.  (lool.  Survey,  pp.  104-170.  1  pi. 

Describes  the  occurrence  of  underground  water  In  the  Cambrian  and 
Carboniferous  rocks,  and  artesian  <'ondltions  in  the  various  Cretaceous  and 
Tertiary  formations,  illustrating  artesian  areas  l»y  a  map.  Notes  the  occur- 
rence of  brine  wells.  (Jives  list  of  mineral  springs  and  of  publications 
on  underground  waters  of  the  State. 

0()7  and  McCalley  (Henry).     Index  to  the  mineral  resoiiices  of  Alabama. 

Alabama  (ieol.  Survey,  11)04,  7!>  pp.,  map  and  ('»  pis. 

Refers  to  relation  of  water  level  to  character  of  j^old  ores  (j).  .54)  :  men- 
tions occurrence  of  salt  water  under  artesian  i)ressure  In  gas  wells  and 
*•  seeps,"  and  use  of  the  salt  (pp.  71-71.M,  and  enumerates  commercial  min 
eral  springs  and  artesian  wells,  stating  the  class  of  water  (pp.  7--73). 
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fj08  Smith  (George  Otis).  Water  resources  of  the  Portsmouth- York  region. 
New  Hampshire  and  Maine. 

Water-Sup.  and  Irr.  Paper  no.  145,  X'.  S.  Oeol.  Survey,  pp.  120-128. 

Describes  the  occurrence  of  water  in  the  drift  of  the  valleys  and  in  the 
Joints  of  schists,  slates,  quartzites,  etc.  The  wells  are  generally  successful 
and  some  flow.  The  conflnenient  is  ascribed  to  the  constriction  of  the 
Joints  and  a  partial  cementation  near  the  surface.  Dikes  are  to  be  avoided 
in  sinking  wells. 

009  Water  supply  from  glacial  gravels  near  Augusta,  Me. 

Water-Sup.  and  Irr.  Paper  no.  145,  U.  S.  Geol.  Survey,  pp.  15G-160. 

Gives  the  results  of  an  investigation  of  certain  ponds  and  springs  which 
it  was  proposed  to  utilize  for  water  supply.  It  was  found  that  the  ponds 
occupied  a  sort  of  gravel  basin  draining  underground  through  the  springs 
and  no  additional  supply  would  be  obtained  by  using  both  over  that 
obtained  from  the  springs  alone. 

610  Artesian  development  in  Washington,  Atanum-Moxee  Valley. 

Irrigation,  vol.  3,  no.  5,  pp.  ^7,  1  fig. 
.    Discusses  the  artesian  conditions  existing  in  the  Atanum-Moxee  Valley. 

Oil  Artesian  water  in  crystalline  rocks. 

Abstract :  Science,  new  ser.,  vol.  21,  pp.  224-225. 

Discusses  the  confinement  of  water  due  to  cementation  of  the  rock  fis- 
sures near  the  surface,  and  consequent  flowing  and  nonflowing  artesian 
wells  near  York.  Me. 

612  Smith  (Herbert  E.).     Reiwrt  on  investigation  of  river  pollution  and  water 

supplies. 

Twenty-seventh  Ann.  Rept.  State  Board  of  Health  of  Connecticut,  1004, 
pp.  217-231. 

Summarizes  work  of  analyzing  well  and  spring  water,  and  gives  many 
sanitary  analyses. 

613  Smith  (William  G.)  and  Meeker  (F.  N.).     Soil  survey  of  Sumter  County, 

Alabama. 

Field  Operations  of  the  Bureau  of  Soils,  1004,  U.  8.  Dept.  Agr.,  pp.  317- 
342,  1  map.  1  fig. 

Summarizes  distribution  of  artesian  wells  in  the  county  (p.  321). 

614  Smith   (William  Sidney  Tangier).     I^ad,  zinc,  and  fluorspar  deposits  of 

western  Kentucky :  Part  II,  Ore  deiK)sits  and  mines. 

Prof.  Paper  U.  S.  Geol.  Survey  no.  30.  pp.   107-218.  S  pis.,  31   figs. 

Advocates  origin  of  the  deposits  through  agency  df  ore-I>earing  solutions 
ascending  along  fault  planes  Tpp.  15(>-ir)4).  Mentions  sink  holes  and  ore 
deposition  along  faults  (pp.  172,  178)  and  unequal  penetration  of  lime- 
stone by  ore-l>earing  solutions  (p.  178). 

615  Water  resources  of  the  Joplin  district,  Missouri-Kansas. 

Water-Sup.  and  Irr.  Paper  no.  ,145.  IT.  S.  (ieol.  Survey,  pp.  74-83. 

In  addition  to  the  discussion  of  general  underground-water  conditions, 
the  paper  describes  the  numerous  large  springs,  some  of  which  occur  on 
fault  lines,  and  the  deep  Iwrlngs  for  ore  or  water,  one  of  which  is  2,005 
feet  deep.  Analyses  of  spring  and  well  waters  are  given.  The  waters  are 
often  contaminated  by  mine  waters. 

616  Smyth   (C.   II.,  jr.).     Replacement  of  quartz  by  pyrite  and  corrosion  of 

quartz  pebbles. 

Am.  .Tour.  Scl.,  4th  ser.,  vol.   19.  pp.  277-285.  1  fig..  1  plate. 

Discusses  tin'  agency  of  hot  alkaline  mineralized  solutions  in  the  replace- 
ment by  pyrite  of  the  quartz  pebbles  of  the  Oneida  conglomerate  in  central 
New  York.  i 
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617  Smyth  (H.  L.).    The  origin  and  classification  of  placers 

Eng.  and  Mln.  Jour.,  vol.  79.  pp.  1045-1046. 

Discusses  the  agency  of  underground  waters  in  the  decaj  of  rocki  tod 
the  alteration  of  ore  deposits. 

618  Snow  (T.  W.).     Water  softening  for  l)oiler  use. 

Jour.  West.  8oc.  Eng.,  vol.  10.  pp.  745-750,  0  figs. 

Gives  two  analyses  of  well  water  nt  Bismarck,  Mo.  (pp.  748-749). 

619  Spencer   (Arthur  Coe).     Tlie  luagmatic  origin  of  vein-forming  waters  In 

southeastern  Alaska. 

Bimonthly  Bull.  Am.  Inst.  Eng.  no.  5,  pp.  971-978. 

Discusses  magmatic  waters  in  general :  includes  many  references  to 
similar  papers ;  .ascribes  the  veins  of  southeastern  Alaska  to  the  agency  of 
magmatic  waters,  and  quotes  Lindgren  on  a  similar  origin  of  the  Cali- 
fornia gold-quartz  veins. 

620 The  Treadwell  ore  deposits,  Douglas  Island. 

Bull.  XT.  S.  Geol.  Survey  no.  2."»9,  pp.  09-87. 

Mentions  the  part  taken  by  water  in  vein  alteration  (p.^84)  and  con- 
siders the  source  of  the  waters   ip.  80). 

621  Si>oon  (W.  L.).     Building  sand-day  roads  in  Southern  States. 

Yearbook  U.  8.  Dept.  Agr.,  190.S.  250-200,  2  pis.,  3  figs. 
Discusses  conditions  of  saturation  and  drainage  of  roads  due  to  different 
proportions  of  clay  and  sand  (pp.  200-201). 

622  Spurr  (Josiah  Edward).    Genetic  relations  of  the  western  Nevada  ores. 

Bimonthly  Bull.  Am.  Inst.  Min.  Eng.  no.  5,  pp.  939-909. 
Discusses  the  agency  of  mineralized   underj^round  waters  In  the  form*' 
tlon  of  the  ore  deposits. 

623 Enrichment  in  fissure  veins. 

Eng.  and  Min.  Jour.,  vol.  80,  pp.  .'»97-508. 

Discusses  the  agency  of  ascending  and  descending  solutions  in   the  ^**' 
rlchment. 

624 Tonopah  mining  district  [Nevada!. 

Jour.  r>anklin  Institute,  vol.  100.  no.  1,  pp.  1-20,  10  flgs,,  1  map. 

DiscusKCs  the  agency  of  circMlatin;;  nilneralizod  underground  waters  ^^ 
the  formation  of  the  veins  and  ore  deposits:  descril>es  the  channels  fc^^' 
lowed  ])y  the  mineralized  solutions  and  the  alteration  and  sllicificatlon  c^^ 
the  country  rock:  notes  the  irrej,Mil}irlty  of  surface  oxidation  due  to  tl»^ 
fact  of  there  being  no  regular  ground  water. 

625  The  ores  of  Goldfield.  Xev. 

Bull.  t'.  8.  (ieol.  Survey  no.  2r,0,  pp.   i:{2   i;»,0. 

Notes  deposition  of  ores  by  hot  spring;  at  tlon    (pp.   184-139). 

r»l»r>  — ■ —  Dovelopnients  at  Touopali.  Nov..  during:  VMH. 

Hull.  r.  S.  Geol.  Survey  no.  2(Ji).  pp.  140   111). 

Descrll)e8  the  use  of  well  and  shaft  for  collect Inp  water  for  town  sup- 
ply and  considers  the  character  (»f  the  water  zone  (p.  141).  The  part  of 
water  In  vein  formation  and  alteration  is  also  noted   ( j).  14(»). 

r»27  Geology  of  the  Tonopah  uiininj:  district.  N^nada. 

Prof.  I'aper  V.  S.  (Jeol.  Survey  no.  42.  2!>."i  pp..  24  pis..  7S  figs. 

Discusses  alteration  of  andesite  by  tlie.n  al  waters  (pp.  207-252)  and 
formation  of  mineral  veins  along  circulation  channels  (p.  8.*^).  Discusses 
the  probable  nature  and  comj>ositlon  of  tin-  mineralizing  waters  (pp.  S7>, 
104.  227,  2a5-2:i7,  2.'iO.  2r»:V-2(;0)  and  changes  in  composition  owing  to 
mineral  deposition  (pp.  2.'t.'»-2.S7).  Descril)es  water  zones  (p.  107)  and 
Irregular  distribution  of  water  encounteriHl  in  mines  (p.  10r»)  in  connec- 
tion with  porosity  and  absorption  (p.  107 ».  Discusses  the  origin  of  hot 
and  cold  springs  (pp.  254-2(10).  and  (lescrll)es  solfataras  and  fumaroles 
(pp.  200-201).  Descrll)es  investigations  reirarding  increase  of  temperature 
with  depth  (pp.  20.'?-2(»0).  .Notes  the  formation  (►f  gyi)sum  by  oxidizing 
waters  (p.  94). 
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628  Spurr  (Josiah  Edward)   and  Garry   (G.  H.).    Preliminary  report  on  ore 
deposits  in  tlie  Georgetown,  Colorado,  mining  district. 
Bull.  U.  8.  (ieol.  Survey  no.  260.  pp.  jm-120. 
•       Refers  briefly  to  the  part  of  water  In  ore  deposition  (pp.  11.3-115)  and  to 
the  depth  of  oxidation. 

(»29  Stanton   (Timothy  W.)   and  Hatcher   (J.  B.).     Geology  and  paleontology 
of  the  Judith  River  beds. 

Bull.  U.  S.  Geol.  Survey  no.  2.')7.  pp.  1-06. 

Quotes  Grinnell  and  Dana  on  action  of  water  in  producing  landslips  In 
Montana  (p.  84). 

<S50  Steiner    (Charles   R.).     Impregnation   of  sand   and   gravel   deposits   with 
cement. 

Eng.  News,  vol.  5.3.  p.  447. 
Suggests   the  above  as  a  means  of  raising  the  water  table  in   inclosed 
valleys. 

^X  Stevens  (H.  L.).     Municipal  improvements  in  Sorsogon,  P.  I. 
Eng.  News,  vol.  531,  pp.  581. 

Describes  measures  taken  by  the  city  to  protect  the  spring  furnishing  Its 
water  supply. 

^*^2  Stone  (Ralph  W.).  Mineral  resources  of  the  Elders  Ridge  quadrangle, 
Pennsylvania. 

Bull.  U.  S.  Geol.  Survey  no.  256,  86  pp.,  12  pis.,  4  figs. 

Gives  22  well  records  (Pis.  X,  XI,  p.  57)  ;  states  abundance  of  springs 
and  wells  (p.  79),  and  mentions  public  supply  taken  from  wells  (p.  79). 

^^^^ Description  of  Waynesburg  quadrangle  [Pennsylvania]. 

Geologic  Atlas  U.  S.,  folio  121,  U.  S.  Geol.  Survey,  12  pp. 
Gives  deep  well   records    (pp.  5,   11),  and  discusses  briefly  the  springs, 
wells,  and  water  supplies  of  the  quadrangle. 

^^*34 Description  of  Elders  Ridge  quadrangle  [Pennsylvania]. 

Geologic  Atlas  V.  S.,  folio  123.  U.  S.  Geol.  Survey.  10  pp. 

Describes  the  occurrence  of  springs  and  of  the  underground  waters  of 
the  Mahoning  and  IMttsburg  sandstones,  and  considers  the  sources  of  public 
supplies. 

(i35  Water  resources  of  the  Elders  Ridge  quadrangle,  Pennsylvania. 

Water-Sup.  and  Irr.  Paper  no.  110.  it.  s.  Geol.  Survey,  pp.  Irt4-165. 

Descri])es  village  supplies  obtained  by  wells  in  sand  and  gravel ;  notes 
abundance  of  springs,  and  the  water-bearing  nature  of  the  Mahoning  and 
Pittsburg  sandstones. 

(vW5  Water  resources  of  the  Waynesburg  quadrangle,  Pennsylvania. 

Water-Sup.  and  Irr.  Taper  no.  110,  U.  S.  (Jeol.  Survey,  pp.  10(5-167- 
Describes  town  and  village  supplies  obtained  from  shallow  wells  in  rock 
and  gravel,  and  one  deep  well  used  by  a  cold-storage  company ;  mentions 
the  comparative  abundance  of  springs,  and  notes  the  water-l)earlng  nature 
of  the  Upper  Washington  limestone  and  the  Waynesburg  sandstone. 

C  7  Stonns  (W.  H.).     A  noted  pyrite  deposit.     [Deadvvood,  S.  Dak.] 

MlD.  and  Sol.  I'ress,  vol.  91.  pp.  290-291. 

The  mine  water  is  strongly  acid  and  highly  impregnated  with  copper 
salts. 

(KiS  Stose   (George  W.).     Water  resources  of  the  Chamhershurg  and  Mercers- 
burg  quadrangles.  l*ennsylvania. 

Water-Sup.  aiul  Irr.  l*aper  no.  110,  U.  S.  Geol.  Survey,  pp.  15(5-158. 
Descril^s   many   springs   from   limestone  and   sandstone   beds   furnishing 
water  suppllea  for  public  and  private  use  anA  \i^«AX\v  x«%qx\». 
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(Ki9  Stose  (Cleorge  W.)  and  Martin  ((teorge  C\).  Water  resources  of  the  Paw- 
paw and  HaiM'Oi'k  quadrangles.  West  Virginia,  Maryland,  and 
Pennsylvania. 

Water-Sup.  and  Irr.  Paper  no.  145.  U.  S.  Geo!.  Survey,  pp.  58-63. 

Considers  briefly  the  underground-water  conditionH  In  the  area  and  give 
detailed  description,  of  Berkeley  Springs,  including  their  history,  geolo^i' 
conditions,  development,  uses,  composition,  and  temperature  (p.  730),  Tti 
water  Is  considered  as  coming  from  a  depth  of  1.000  to  1,300  feet.  \' 
analysis  of  the  water  is  given. 

640  Stout  (O.  V.  P.).     Pumping  plants  in  Colorado,  Nebraska,  and  Kansas. 

Bull.  Office  Kxp.  Sta.,  U.  8.  Dept.  Agr..  no.  158,  pp.  595-608. 
Describes  many  wells,  methods,  and  cost  of  pumping,  and  use  of  water  fo 
irrigation. 

641  Irrigation  and  alkali. 

The  official  proceedings  of  the  Twelfth  National  Irrigation  Congress  <i 
Kl  Paso,  Tex.,  November  15-18,  1004,  pp.  311-317. 

Discusses  rise  of  water  table  due  to  irrigation,  and  consequent  injury  ^ 
soils  in  alkali  regions. 

642  Strahom    (A.  T.),  Jensen    (Charles  A.)    and.     Soil   survey  of  the   Bea. 

River  area,  Utah. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pi 
995-1023,  3  maps,  1  flg. 

See  Jensen  (Charles  A.)  and  Strahorn  (A.  T.). 

643  Stretch  (R.  H.).     Formation  of  iron  pyrite  in  gravels. 

Eng.  and  Min.  Jour.,  vol.  79,  pp.  238-239. 

Ascribes  the  origin  of  the  pyrite  to  deposition  from  circulating  iron 
bearing  waters. 

644  Student.     Ore  deposits. 

Eng.  and  Min.  Jour.,  vol.  79,  p.  3.35. 

Discusses  the  agency  of  underground  water  in  the  formation  of  on 
deposits. 

045  Sweet  (A.  T.),  Martin  (J.  O.)  and.  Soil  survey  of  the  Kearney  area 
Nebraska. 

Field  Operations  of  the  Bureau  of  Soils.  1004.  U  S.  Dept.  Agr.,  pp 
859-874,  1  pi.,  1  map.  1  tip. 

See  Martin  (J.  O.)  and  Sweet  (A.  T.). 

<>4(>  Swendsen  (G.  L.),  Hinderlider  (M.  C),  and  Chandler  (A.  E.).  Repor 
of  progress  of  stream  nieasureuients  for  the  calendar  year  liX)4 
Part  X,  Colorado  Illver  and  the  (ireat  Basin  Drainage. 

Water  Sup.  and  Irr.  Paper  no.  133,  T'.  S.  (Jeol.  Survey,  384  pp. 

See  Uiuderhder  (M.  C),  Swendseu   (G.  L.),  and  Chandler   (A.  E.). 


(^47  Taff  (.Tosoph  A.).  Description  of  the  Tahlcquah  (luadrangle  [Indian  Ter 
ritory  and  Arkansas j. 

(;o<)In-lc  Atlas  V.  S.,  folio  122,  V.  S.  Geol.  Survey,  7  pp. 

Notes  occurrence  of  water  in  uuder^jrouiul  channels,  joints,  faults,  etc. 
of  Boone  j»nd  Morrow  formations,  and  describes  sulphur  and  saline  sprinp 
and  a  red  spring  deposit   (p.  7). 

<US  Taft  (II.  II.).     Notes  on  southern  Nevada  and  Inyo  County,  California. 

Bimonthly  Bull.  Am.  Inst.  :Mln.  Eng.  no  0.  pp.   127t>-120S. 

Describes  springs  in  the  Aniargosa  I>esert  (pp.  rJS4-12S5)  ;  depositior 
of  silica  from  si)rln^s  and  the  slliciticatlon  of  the  country  rocic  In  th< 
Bullfrog  mlnlnp  district  (i)p.  12S7-12.SS)  ;  the  agency  of  undergrounc 
waters  in  the  deposition  of  the  ores  and  the  slllclfication  of  the  countrj 
roclc  in  tlie  Goldtield  dlstri«'t  (pp.  rJS8-12s;n.  an«l  the  aj:ency  of  under 
ground  waters  In  the  formation  of  hummocks  In  Death  Valley  (p.  1294). 


UNITED   STATES   IN   1905.  75 

49  Taft  (H.  H.).     Notes  ou  southern  Nevada  and  Inyo  County,  C'alifornia.     II. 

Min.  and  Soi.  Press,  vol.  1)1.  p.  420. 

Describes  some  thermnl  mineral  springs  in  the  Amarf^osa  Desert  and 
discusses  the  agency  of  water  in  the  formation  of  the  ore  deposits  of  the 
Bullfrog  and  (*oldfield  mining  dlstrictK. 

'^ Notes  ou  southern  Nevada  and  Inyo  County,  California.     III. 

Min.  and  Sri.  I'ress,  vol.  91,  pp.  447-44S. 

Describes  the  agency  of  underground  water  in  the  so-called  "self-rising 
ground  "  in  Death  Valley. 

1  Tait  (C.  E.).     l^iuiping  plants  in  Texas. 

Bull.  Office  Kxp.  Sta.,  V.  S.  Dept.  Agr.,  no.  158,  pp.  341-346,  1  flg. 
Describes   various   wells   used   for   irrigation,   and   methods   and   cost  of 
pumping. 

-  Rice  irrigation  on  the  prairie  land  of  Arkansas. 

Bull.  Office  Kxp.  Sta..  X'.  S.  Dept.  Agr.,  no.  1.58,  pp.  545-565,  5  figs. 
Describes  experiments  on  use  of  wells  In  rice  irrigation,  giving  methods 
of  sinking  and  pumping  wells,  cost,  etc. 

•  Talbot  (A.  N.).  Corrections  necessarj^  in  accurate  determinations  of  flow 
from  vertical  well  casings. 

Abstract  of  notes:  Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geoi.  Sur- 
vey, pp.  43-44,  2  figs. 

Describes  certain  corrections  which  must  he  applied  to  figures  in  the  field 
tables  of  J.  E.  Todd  and  Charles  S.  Slichter  when  refined  measurements  of 
flows  from  vertical  well  casings  are  desired. 

Tamura  (S.  Tetsu).  An  account  of  recent  meteorological  and  geo-physical 
researches  in  Japan. 

Monthly  Weather  Review,  vol.  33,  pp.  302-305. 

Reviews  papers  by  Dr.  K.  Honda  (Proc.  Tolcyo  Physlco-Mathematlcal 
Society,  vol.  2.  no.  6,  1003.  and  no.  0,  1004.  and  Publications  of  the 
Earthquake  Investigation  Committee,  no.  18,  1004),  explaining  dally  peri- 
odic changes  In  the  level  of  artesian  wells  in  Japan,  and  concluding  that 
the  fluctuations  are  due  largely  to  tides  acting  on  a  subterranean  air  res- 
ervoir (pp.  303-304). 

>  Tarbell  (Arthur).     Story  of  the  Siniplon  tunnel. 

Technical  World  Magazine,  vol.  3.  pp.  20(>-211,  0  figs. 
De8crll)ea  the  hot  springs  encountered  in  the  construction  of  the  tunnel 
between  Switzerland  and  Italy. 

6  Tarr  (Ralph  S.).     Water  resources  of  the  Watkins  Glen  quadrangle.  New 

York. 

Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol.  Survey,  pp.  134-140. 

Discusses  the  question  of  obtaining  water  supplies  from  wells  sunk  In 
the  deep  gravel-filled  valleys.  Describes  the  conditions  revealed  by  wells 
sunk  for  the  new  stipply  at  Ithaca,  and  gives  sanitary  analyses  (pp.  136- 
14(h. 

7  Taylor    (Frank    R.).     Water   resources   of   the   Taconic   quadrangle.    New 

York,  Mas.sachusetts,  and  Vermont. 

Water-Sup.  and  Irr.  Paper  no.  110,  TT.  S.  (Jeol.  Survey,  pp.  130-133. 

Descril>es  a  mineral  si)rlng.  giving  chemical,  sanitary,  and  gas  analyses, 
and  considors  Its  probMlile  dei'p-seated  origin  in  connection  with  a  promi- 
nent fault.  Mentions  the  relations  of  the  Dalton  artesian  wells  to  a  fault 
crack  (pi).  i;{2-13.'i). 


8  Taylor  (Thonias  V.).     Irri^^ation  in  Texas. 
Irrinatioii  .Md,  vol.  2,  no.  'A,  p.  H. 
Descrlln's  the  use  of  water  from  springs  and  artesian  wells  lu  Ircli:^!^ 
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659  Taylor  (Thomas  U.).    Modern  rice  irrigation. 

The  official  prooeedinfirs  of  the  Twelfth  National  Irrigation  Congrew  tt 
El  Paao.  Tex.,  November  15-18.  1904,  pp.  ,330-336. 

Describes  briefly  a  shallow-well  plant  used  for  irrigating  In  Texas  <pp. 
334-335). 

660 and  Hoyt   (John  C).     Report  of  progress  of  stream  measurements 

for  the  calendar  year  1904 :  Part  IX,  Western  Gulf  of  Mexico  and 
Rio  Grande  drainages. 

Water-Sup.  and  Irr.  Paper  no.  132,  U.  S.  Geol.  Survey,  132  pp. 

Describes  or  gives  discharge  of  Barton,  Kickapoo,  Lipan,  Mormon,  and 
two  Santa  Rosa  springs,  Texas  (pp.  43-45,  122,  127). 

661  Teele  (R.  P.).  W^ater  rights  on  interstate  streams:  The  Platte  River  and 
tributaries..   Results  of  investigation. 

Bull.  Office  Exp.  Sta..  V.  S.  Dept.  Agr..  no.  157,  pp.  9-95,  4  pis.,  3  flgR. 

Discusses  return  seepage  to  the  river  in  Colorado  and  Nebraska  after  tbe 
application  of  its  water  to  land  for  irrigation,  and  gives  results  of  experi- 
ments to  determine  amounts  (p.  47-58,  72). 


662 Review  of  the  irrigation  work  of  the  year. 

Bull.  Office  Exp.  Sta.,  T'.  S.  Dept.  Agr.,  no.  158,  1905,  pp.  19-75,  1  flg. 

Discusses  loss  of  canal  water  through  seepage   (pp.  23,  35-38)  ;    return 
seepage    to    streams    from    Irrigated    lands    in    Colorado,    Wyoming,    ai^^ 
Nebraska    (pp.   38-50)  ;   costs,   depths,   and   methods   of  pumping  artesl^^ 
wells  U8«d  for  irrigation  in  Texas   (pp.  55-56),  Arkansas   (p.  57),  Kand**^ 
(p.  57),  and  Colorado  (pp.  58-59).     Descrlljes  use  of  windmills  for  pumt^' 


Ing  wells  (pp.  61-63). 
in  Arkansas  (p.  72). 


Describes  experiment  on  use  of  well  for  Irrlgatl*^* 


663  Tilton  (John  L.).     A  problem  in  municipal  waterworks  for  a  small  city. 
Proc.  Iowa  Acad.  Scl.,  1904,  vol.  12,  pp.  143-150. 

A  general  discussion  of  the  underground-water  conditions  in  the  vicinlC  ' 
of  Indianola,  Iowa,  Including  quantity  available,  quality,  etc. 

(>64  Tower  (Walter  S.).     Tlie  geography  of  American  cities. 

Bull.  Am.  Geol.  Soc,  vol.  37,  pp.  577-588. 

Mentions   several   mineral   springs   al)out   which   resorts   have   grown    upr 
Hot  Springs,  ArkansaH  ;   Hot  Springs,   Virginia  :  Cambridge  Springs,   Penn  " 
sylvania,  and  Poland  Springs,  Maine,  are  noted. 

(MJf)  Trask  (F.  E.).  The  irrigation  system  of  Ontario.  Cal. — Its  development 
and  cost. 

Proo.  Am.  Soo.  Civil  Kng.,  vol.  31.  pp.  LM>4    JTO.  pis.  20-32. 

l)esrri])os  the  tunnels,  artesian  wt-lls,  and  saturated  gravel  beds  which 
furnish  the  greater  portion  of  the  water  supply. 

(;(»(»  -—  ProiK)scd  illilization  of  upland  flood  waters  to  increase  available 
underground  waters. 

I]ng.  News.  vol.  53,  p.  42. 

Suggests  that  the  flood  discharges  of  tli(>  canyons  of  southern  (California 
1k»  diverted  from  place  to  place  over  porotis  sands  and  travels. 


(>(17  Udden  (Jon  Andreas).     Geology  of  Clinton  County. 

Ann.  Kept.  Iowa  (ieol.  Survey,  1004,  vol.  l."».  pp.  :i71  -4.T1.  2  pis.,  1  fig. 

(Jives  numerous  well  records  (pp.  .•^82-41."))  :  mentions  use  of  well  water 
for  Clinton.  Iowa  (pp.  .'{81- .'{h'),  420).  and  enumerates  the  Niagara  lime- 
stone and  St.  I'eters  sandstone  as  water-bearing  horizons  (p.  429). 
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ririch  (Edward  Oscar).  Lead,  zinc,  and  fluorspar  deposits  of  western 
Kentuclty:  Part  I — Geology  and  general  relations. 

Prof.  Paper  U.  S.  Geol.  Survey  no.  36,  pp.  1-105,  7  pis. 

Mentions  solution  of  limestone  by  underground  water  (p.  10),  and  pas- 
sage of  descending  water  and  formation  of  sink  boles  along  Joint  planes 
(p.  74). 

r.  S.  Bureau  of  the  Census.  Census  of  the  Philippine  Islands,  taken 
under  the  direction  of  the  Philippine  Commission  in  the  year  1903, 
4  vols.,  V.  1.,  geography,  history,  and  population. 

610  pp.,  74  pis.,  7  maps,  13  flgs. 

Describes  geologic  relations,  composition,  and  uses  of  mineral  springs, 
and  tbeir  distribution  In  lines  parallel  with  axes  of  folding  (pp.  102-104). 
Describes  numerous  hot  springs  (pp.  216-244)  and  solfataras  (pp.  202- 
246). 

V. 

^eatch  (Arthur  C).  General  plan  and  details  of  work  [of  collecting  well 
samples]. 

Bull.  U.  S.  Geol.  Survey  no.  264,  pp.  28-30. 

Describes  the  blanks  and  forms  used  in  collecting  well  samples  and  the 
method  of  shipping  them  by  mail  in  franked  bags. 

Louisiana  and  southern  Arkansas. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  170-187,  3  figs. 

Describes  water-bearing  strata  in  the  various  Tertiary,  Ceptaceous,  and 
Quaternary  formations.  Mentions  several  mineral  springs  in  Louisiana, 
and  lists  the  principal  pubUcations  on  underground  waters  of  the  area. 

-  The  underground  waters  of  northern  Louisiana  and  southern  Arkansas. 

Bull.  Louisiana  Geol.  Survey  no.   1,  pp.  82-01. 

Describes  the  principal  water-bearing  horizons  and  geologic  occurrence 
of  artesian  water  in  this  region. 

-  The  question  of  origin  of  the  natural  mounds  of  Louisiana,  Arkansas, 

and  Texas. 

Abstract :  Science,  new  ser.,  vol.  21,  pp.  310-311. 
DlscusseH  the  spring  and  gas  vent  theory  of  origin. 

rermeule  (C.  C. ).     East  Orange  wells  at  White  Oak  Kidge,  Millbum  town- 
ship, Kssex  County. 
Ann.  Rept.  N»w  Jersey  (Jeol.  Survey,  1904,  pp.  255-263,  2  figs. 

Gives  distribution,  yield,  analysis,  records,  and  geological  section  of  city 
wells. 

remon  (J.  J.).  Irrigation  investigations  at  New  Mexico  Experiment  Sta- 
tion, Mesilla  Park,  1904. 

Bull.  Office  i:xp.  Sta.,  U.  S.  Dept.  Agr.,  no.  158,  pp.  303-317. 

Discusses  cost  of  irrigation  with  well  water  (pp.  311-316),  and  describes 
experiments  to  compare  cost  of  irrigation  by  well  and  by  river  waters  (pp. 
308-311).     (iives  table  of  temperatures  of  well  waters  (pp.  316-317). 

Development  of  tin*  underflow. 

Irrigation  Ape.  vol.  20,  p.  86. 

Descri])es  the  results  obtained  by  a  48-foot  well  put  down  at  the  Mesilla 
Park  Agricultural  Experiment  Station,  New  Mexico. 

Pumping  for  irrigation  In  Now  Mexico. 

The  official  proceedings  of  the  Twelfth  National  Irrigation  Congress,  at 
El  Paso,  Tex.,  November  15-18,  1904,  pp.  351-355. 

Mentions   irrigation   from   pumping  shallow  wells   in   British   India  anU 
deep  wells  In  California,  and  states  posalbUlUes  e\«e^\i«t%  V^,  ^^Vs.  ' 
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678  Voorhees  (Edward  B.).  Irrigation  in  market-garden  districts  in  the  vicin- 
ity of  eastern  cities. 

Bull.  Office  Exp.  Sta.,  U.  S.  Dept.  Agr.,  no.  148,  17  pp.,  3  pis. 

Descril)e8  irrigation  l)y  pumping  springs  on  Long  Island,  New  Torl^  (p. 
10),  at  Belmont,  Mass.  (p.  13),  from  wells  at  Arlington,  Mass.  (p.  12). 
driven  wells  at  Watertown,  Mass.  (p.  13),  and  from  driven  wells  at  Vin^ 
yard,  N.  J.  (pp.  14,  16). 

W. 

S79  Walcott  (Cliarles  Doolittle).  Twenty-fifth  annual  report  of  the  Director 
of  tlie  United  States  Geological  Survey  [190a-1904]. 

Twenty-fifth  Ann.  Kept.  U.  S.  Geol.  Survey,  388  pp. 

CJives    the    mineral-water    production    for    1903    as    51,186.746    gallons, 
valued  at  $8,073,096.     Describes  the  organization  and  work  of  the  eastern 
and  western  sections  of  the  division  of  hydrology,  and  notes  work  of  the 
division  of  hydro-economics  on  the  composition  of  underground  waters.    A 
number   of   underground-w^ater    investigations   are   also   mentioned   in  con- 
nection with   the  account  of  the  work  of  the  Reclamation   Service.     The 
general   work  of  the  division  of  hydrology   included  Investigations  of  the 
underground    waters    in    nearly    every    State    in    the    Union,    those   in  the 
eastern  portion  being  under  the  direction  of  M.  L.  Fuller,  and  those  In  the 
western  under  N.  IL  Darton.     Alwut  75  geologists  were  engaged  in  under- 
ground-water investigations  during  the  year,  the  work  of  each  being  out- 
lined In  the  report.     In  addition  to  the  general  studies  the  following  special 
investigations   are    mentioned :   Hot    springs    In    the    Yellowstone    Natlon&l 
Park,  by  W.  H.  Weed  :  algous  gmwth  in  hot  springs,  by  W.  A.  SetcheU ; 
physics  of  geysers,  by  William  Ilallock  :  relations  of  underground  waters  t® 
the  law,  by  D.  W.  .Tohnson,  and  exi)eriniental   investigation  and  measure* 
raent  of  underflow,  by  C.  S.  Slichter.     Lists  of  underground- water  public*" 
tions  are  also  included. 

l»8()  Twenty-sixth  annual  reiH)rt  of  the  Director  of  the  United  States  Ge<^' 

lo;^'inil  Survey  [  1 9()4-l fK).") ] . 

Twenty-sixth  Ann.  Kept.  X*.  S.  (ieol.  Survey,  322  pp. 

(lives    the    mineral-water    production    for    1004    as    67,718.500    gallon^ 
valued  at  ?10.:iOS.4."»0  (p.  95).     (lives  the  allotments  for  hydrologic  Invest  ^ 
.nations     (p.     2.'n.    notes    omperative    arrangements     with     several     Stat«^^ 
(pp.   179-1S(>),  joint  wor.ks  with  Keologh*  branch    (p.   181),  and   investigr*- 
tlons   for   Ileclnmation    Service    » j).    202  >  :   describes   in   detail    the    work    cr  ^ 
eastern   and   western   sections  of  the  division   ()f  hydrology    (pp.    178— 210>    - 
giving   lists  of   undery:round-water  publiiatlcns.     The  general   work   of   th^ 
division  of  bydroloK'v   in<hi<ie<l   Investigations  in   nearly  every  State  in  th^^ 
Union,   those  in   the  eastern   portion  being  in  charge  of  M.   L   Fuller  anc^ 
those  in  (lie  western  in  charire  of  N.  II.  Darton.     About  75  geologists  wer^' 
engaged    in   tield   or   office   work   during   the   year,    the   work   of  each   beln^ 
descrllted  in  the  report.      In  addition   to   the  general  studies,   the  followinpT 
si>ecial   work   Is  described  :   Studies  of  thermal  springs  of  (Georgia  and   Yel- 
lowstone   National    Parl<,    by    II.    11.    Weed:   experiments    on    and    measure- 
ment   of    underground    curri^nts,    l)y    ('.    S.    Slichter;   tinctuations    of    wells. 
I»y    A.    ('.    Veatcb  :   relatbm    of    underground    wateis    to    tlie    law,    by    I>.    W. 
.Johnson  ;   lubliograpliy    of   underground    waters.    co]lo<tlon    of   well    records 
and  samples,  and   work  of  division  (»f  hydro  economics  on  the  composition 
of  underuround   wattTs.      in   connection   witli    the  work   of  (he   Reclamation 
Service,    undertlow    lnves(iga(lons    In    Kansas    (p.    '2iU\) ,    ground    waters    In 
Carson    Valley.    Nevada    (p.    270),   and   salt   spring   in   Oklalioma    (p.    286), 
are  described. 

(\S1  Waller  (().  L. ).     Kiiiiitios  of  tlK*  senior  iiTJKJitor. 
Irrigation  Age.  vol.   20.  pp.   :{;U-.'J:{4. 

Describes  the  cx<'esslve  losses  from  irrigation  ditches  Ity  seepage  through 
ioarse  gravel  subsoils  In  the  Yakima  Valley.  Wasliington. 

('»S2  Waring  ((;.  A.).    The  pegmatite  veiii.<^  of  Pala,  San  Dio^'o  (\)iiiity  [Calif.]. 
Am.  (ieologist,  vol.  nr*,  i)p.  .'i.'»t>-;i7<i. 

Mentions  mineral  springs  and  gives  composition    (p.  .H(»,">),  and  notes  the 
alteration  of  pegmatite  by  ground  waters  (p.  360). 
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Biter  and  Forest.     Vested  rights  in  water  protected. 

Water  and  Forest,  vol.  ."i,  no.  1,  p.  6. 

DiacuHsion  of  the  case  of  Newport  et  ai.  r.  The  Temescal  Water  Com- 
pany, tried  in  a  superior  court  of  California.  The  plaintifT's  contention 
was  that  the  company  had  no  right  to  use  the  underground  water  of  the 
Perrls  Valley,  because  It  worked  to  their  (the  plaintilf's)  detriment.  The 
evidence  is  reviewed.     Judgment  was  given  for  the  defendant  company. 

atson  (Thomas  L.).  A  preliminary'  report  on  the  Imuxite  deposits  of 
Georgia. 

Bull.  Georgia  Geol.  Survey  no.  11,  169  pp.,  12  pis.,  ii  flgs.  and  map. 

Discusses  agency  of  heated  waters  In  formation  of  bauxite  (pp.  15, 
20-22,  123-125),  theory  of  Hayes  In  regard  to  origin  due  to  action  of 
waters  (pp.  20-22,  123-125,  120).  Mentions  percentage  of  water  in  com- 
position of  various  minerals  (pp.  37-54,  84-85),  and  gives  probable  chem- 
ical reactions  (pp.  12.3-125,  120).  Mentions  water  In  quarries  and  veins 
(pp.  (52,  r>0.  8.3.  108). 

eed  (Walter  Harvey).     Absorption  in  ore  deixisition. 
Eng.  and  Mln.  .Tour.,  vol.  79,  p.  364. 

Discusses  the  power  possessed  by  clays,  etc..  of  extracting  metals  from 
mineral-bearing  solutions  seeping  In  from  Assures. 

—  Notes  on  the  gold  veins  near  Great  Falls,  Maryland. 

Bull.  T'.  S.  (ieol.  Survey  no.  260.  pp.  128-131. -~ 
Notes  relations  of  water  level  to  the  mines. 

—  Ecx)noniic  value  of  hot-spring  deiJosits. 

Bull.  U.  S.  Geol.  Survey  no.  260,  pp.  598-604. 

Notes  the  use  of  .si)rings  in  general  for  l)athlng,  heating,  as  source  of 
carbon  dioxide.  lK>rax,  and  other  chemicals,  and  for  medicinal  purposes. 
The  use  of  artesian  wells  for  heating  In  Idaho  and  Montana  Is  also  men- 
tioned. Among  the  spring  deposits  noted  are  tufa  geyserlte,  cinnabar  (In 
Nevada  and  California),  copper  (.Tava),  tin  (Malay  Peninsula),  stibnite,  etc. 
(Steamboat  Springs,  Nevada),  manganese  oxide,  limonite.  realgar,  orpi- 
ment,  etc.  (Yellowstone  National  Park),  and  limonite  and  travertine 
(Montana)  (pp.  600-<501).  Describes  Anaconda  Ilot  Springs,  Montana 
(p.  600),  the  gyp.sum  veins  and  waters  at  Hunters  Hot  Springs,  Montana 
(p.  601),  and  the  use  of  the  water  in  baths.  The  fissure  origin  of  the 
springs  is  shown,  their  yield  stated,  and  analy.ses  given   (pp.  602-604). 

—  Notes  on  certain  hot  springs  of  the  southern  Unite<l  States. 

Water  Sup.  aud  Irr.  Paper  no.  145.  r.  S.  (itM)I.  Survey,  pp.  185-206. 

Discusses  the  occurrence  and  geologic  relations  of  hot  springs  in  the 
United  States  and  describes  In  detail  the  Warm  Springs  from  the  quartzites 
at  Pino  Motintain,  Gecrgia.  and  the  Hot  Springs  of  Arkansas.  The  dls 
cusslon  of  the  latter  is  unustuilly  complete  and  includes  a  consideration  of 
the  geoloj^y.  topography,  history,  composition,  tufa  deposits,  discharge, 
source  of  lieat,  permanency,  etc.,  of  the  springs.  Analyses  of  the  Georgia 
and  Arkansas  waters  ami  of  the  tufa  deposits  of  the  latter  locality  are 
given. 

'eeks  (B^ed  Rouffhton),  New  York. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  82-02,  1  pi. 

DescrilK's  underground  waters  in  pre-Cambrlan  rocks,  in  Cambrian  lime- 
stones and  slates,  in  Ordovician  limestones  and  slates,  in  Silurian  sand 
stones  and  shales.  In  Devonian  limestones,  shales,  and  sandstones.  In  TrI 
asslo  sand.stono.  and  in  Cretaceous  beds  and  drift.  Tabulates  the  pro- 
duction, character,  aud  use  of  the  mineral  springs  of  the  State.  Gives 
bibliography. 

''eidman  (8.).     Iron  ores  of  Wisconsin. 

Eng.  and  Miu.  .lour.,  vol.  70.  pp.  610-612,  2  flgs. 

This  article  is  an  abstract  from  a  paper  which  appeared  In  the  Wisconsin  - 
Knginwr.  vol.  0.  by  Dr.  S.  Weidman.  Discusses  the  occurrence  of  ground  J 
water  in  the  crystalline  and  sedimentary  toc1l«  ol  l^ife  "Bwj^XssiQ  ^\^VtVi\.»         ^ 
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691  West  (H.  B.).     Mining  in  Nicaragua. 

Min.  Magazine,  vol.  11,  pp.  509-514,  2  flga. 

Notes  the  occurrence  of  hot  water  In  the  mines  at  Santa  Francisca  and 
San  Luis,  and  suggests  that  the  deposits  are  of  solfataric  origin. 

602  Whipple  (George  C).     The  water  supplies  of  the  New  Yorli  Metropolitan 
District  with  special  reference  to  their  purification. 

.Tour.  New  England  Waterworks  Assoc,  vol.  19,  pp.  451—473,  12  figs. 

Considerable  space  is  devoted  to  the  description  of  the  underground- 
water  resources  of  this  region  and  the  methods  of  development.  The  qual 
ity  of  the  ground  water,  its  relation  to  certain  filter  plants,  etc..  Is  also 
given. 

693  [Purification  of  well  water.] 

Jour.  New  England  Waterworks  Assoc,  vol.  19,  pp.  549-551. 
Describes  the  use  of  copper  sulphate  in  the  purification  of  well  water  IQ 
New  Hampshire. 

6f)4 and  Levy   (E.  C).    The  Keunel)ec  Valley  typhoid-fever  epidemic  of 

1902-1908.     [Maine.] 

Jour.  New  England  Waterworks  Assoc,  vol.  19,  pp.  163-214,  7  figs. 

Notes  the  use  of  a  spring-water  supply  known  as  the  Devlne  water  in 
Augusta  (p.  168),  and  the  Hnllowell  spring  water  at  Togas  (p.  185) ;  dis- 
cusses the  relations  of  springs  and  wells  to  the  epidemic  (pp.  17^175, 
176,  ISl,  19'r»,  201). 

695  Whistler  (J.  T.),  Ross  (D.  W.),  and  Noble  (T.  A.).     Report  of  progrees 

of  stream  measurements  for  tlie  calendar  year  1904:    Part  XII, 
Ck)]umbia  River  and  Puget  Sound  drainage. 

Water-Sup.  and  Irr.  Paper  no.  135,  U.  8.  Geol.  Survey,  300  pp. 

See  Ross  (D.  W.),  Whistler  (J.  T.),  and  Nohle  (T.  A.). 

696  Whitby  (J.  E.).     Shall  we  all  die  of  thirst? 

Sd.  Am.  Supp.,  vol.  00,  no.  1542,  p.  24707. 

Makes  a  statement  that  water  springs  and  water  beds  are  slowly  dry- 
ing up. 

697  Whitney  (Francis  L.).     The  new  artesian  water  supply  at  Ithaca,  N.  Y. 

Wafer-^up.  and  Irr.  Paper  no.  110,  I'.  S.  (leol.  Survey,  pp.  55-64,  1  pi., 
1  rtg. 

DescriheM  deep  wells  sunk  in  gravels,  sands,  and  clays  in  the  valley  of 
Cayuga  Inlet  above  Ithaca,  and  discusses  the  source  and  geologic  occur- 
rence of  the  supply.     Gives  well  records  and  analyses. 

698  Whitney  (Milton).     KeiK>rt  of  tlie  Chief  of  tlie  Bureau  of  Soils. 

Ann.  Kept,  for  the  year  ending  June  'M).  1004,  XT.  S.  Dept.  Agr.,  pp. 
241-260. 

Mentions  Irrigation  by  pumping  artesian  wells  in  California  (p.  245). 
Injurious  effect  of  subirrlgation  In  i'olorado  (p.  246),  and  irrigation  by 
artesian  wells  and  springs  In  Teicas  (p.  255).  Summarises  injury  of 
alkali  lands  through  rise  of  seepage  water  due  to  irrigation,  and  work  of 
reclamation  of  alkali  lands  by  underdrainage  in  Utah,  California,  Washing- 
ton. Arizona,  and  Montanr.  (pp.  257-261). 

699  Wickson  (E.  .J.).     lrrif?atiou  in  fruit  growing. 

Irrigation  Aid,  vol.  2.  no.  .S,  pp.   12-l.t. 

Devotes  one  column  to  a  discussion  of  the  development  of  the  underflow 
of  streams  for  use  in  Irrigation. 

700  Wiel  (Samuel  C).     Water  riglits  in  California. 

Mln.  and  Sci.  Press,  vol.  00.  pp.  6-S,  2.%-26. 

Contains  many  references  to  cases  dealing  with  legal  questions  reipurdinf 
underground  waters. 
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T'ilder  (F.  A.).    The  lignite  of  Nortli  Dakota  and  its  relation  to  irrigation. 
Water-Sup.  and  Irr.  I'aper  no.  117,  U.  8.  Geol.  Survey,  59  pp. 
Mentions  several  sprln;^  giving  rise  to  creeks  (p.  31). 

STile  (William  H.,  jr.).     The  Esealante  Desert  [Utah]. 
Irrigation  Age.  vol.   21,  pp.   17-20. 

Notes  the  existence  of  vast  quantities  of  alkali  water  underlying  this 
desert. 

7iley  (A.  J.).  Masonry  dam  for  the  Granite  Springs  reservoir,  Cheyenne, 
Wyo. 

Eng.  Rec.  vol.  51,  pp.  «9S-701,  7  figs. 

Contains  a  description  of  a  submerged  dam  6  miles  above  the  city  Inter- 
secting the  underflow  of  Crow  Creek,  and  of  a  system  of  infiltration  gal- 
leries beneath  the  bed  of  the  creek  above  the  dam.  Notes  seepage  through 
the  new  masonry  dam  erected  for  the  storage  of  flood  flows. 

7iley  (11.  W.).  Experiments  in  the  culture  of  sugar  cane  and  its  manu- 
facture into  table  sirup. 

Buil.  Bureau  of  Chem..  U.  S.  Dept.  Agr.,  no.  03,  7S  pp.,  5  pis.,  6  figs. 
States    production    and    quality   of   water   from   well    at    Waycross,    Ga. 
(p.  46). 

Millard   (Daniel  E.),  Hall   (Charles  M.)   and.    Description  of  Casselton 
and  Fargo  quadrangles  [North  Dakota  and  Minnesota]. 
Geologic  Atlas  U.  S.,  folio  117,  U.  S.  Geol.  Survey,  7  pp. 
See  Hall  (Charles  M.)  and  Willard   (Daniel  E.). 

Williams  (Ira  A.).     Geology  of  Jasper  County. 

Ann.  Uept.  Iowa  Geol.  Survey,  1004,  vol.  15,  pp.  279-367,  12  figs.,  2  maps. 
Estimates  proportion  of  rainfall  absorbed  by  rock  and  soil  (p.  295)  ;  gives 
well  records  (pp.  306-.*i($3 )  ;  discusses  distribution  of  springs  and  flowing 
wells  (pp.  300-303)  ;  gives  chemical  and  sanitary  analyses  of  water  from 
gravel  (p.  302)  and  from  St.  Louis  and  Maquoketa  beds  (p.  361)  ;  de- 
scril)e8  various  mineral  waters,  some  carbonated ;  gives  analysis  of  calclc- 
sallne-chnlylteate  water  (pp.  303-365)  ;  and  summarizes  therapeutic  value 
of  mineral  waters  in  general   (pp.  365-366). 

7illiB  (Bailey).     Geological  researches  in  eastern  Asia. 

YearlxK)k  Carnegie   Institution  of  Washington,  no.  3,  1904,  pp.  275-291. 
Mt.'ntlons  an  artesian-water  investigation   made  by  him  at  Peking,  and 
suggests  possibility  of  supplying  the  city  from  this  source  (p.  290). 

7ilson  (James).     l{€M)ort  of  the  Secretary  of  Agriculture  1905,  132  pp. 

Summarizes  work  of  reclaiming  alkali  lands  by  underdralnage  in  Utah, 
Montana,  Washington,  and  California   (pp.  79-80). 

Report  of  tlip  Secretary. 

Yearbook  V.  S.  Dept.  Agr..  1004.  pp.  0-118. 

Mentions  storage  of  water  by  forests  (p.  Ivl).  Describes  work  of  re- 
claiming alkali  lands  by  underdralnage,  and  injurious  effect  of  Irrigation 
through  raising  the  ground-water  level  and  water-logging  wide  areas 
(pp.  Ixxll-lxxlv).  Describes  irrigation  by  pumping  and  mentions  kinds  of 
pumps   (p.  evil). 

7inchell  (X.  II.).     Deep  wells  as  a  source  of  water  supply  for  Minneapolis. 

Am.  Geologist,  vol.  3.'-»,  pp.  2G0-201. 

Discusses  arteslau  conditions  in  the  drift  and  rock  basins  and  gives 
maps  of  basins  and  wells.  The  St.  Peter  sandstone,  Shakopee  fissured 
llmestono,  and  Now  Richmond.  Jordan,  and  Hinckley  sandstones  constitute 
the  water  horizons,  all  but  the  last  two  yielding  good  water.  The  rate 
and  cost  of  drilling,  capacity  of  wells,  composition  of  water,  and  supplies 
of  St.  Paul  and  Winnipeg  are  also  considered.  States  that  term  "arte- 
sian "  Is  used  locally  for  any  deep  well,  but  recommends  restricting  It  to 
flows. 
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711  Winchell  (N.  II.).    The  Willamette  meteorite. 

Am.  Geologist,  vol.  3G,  pp.  250-257. 

In  a  footnote  the  author  mentions  the  occurrence  of  corroded  limestone, 
which  he  ascribes  to  the  action  of  sublacustrine  springs,  in  Thunder  Bay, 
Lake  Huron,  Michigan  (p.  255). 

712  Winslow   (C.  E.   A.).     A  winter  visit  to  some  sewage-disposal  plants  iu 

Ohio,  Wiscousin,  and  Illinois. 

Jour.  Assoc.  Eng.  Soc,  vol.  34,  pp.  335-361,  10  figs. 

In  the  discussion  accompanying  this  article,  Mr.  X.  H.  Goodnough  notes 
the  increased  leakage  of  ground  water  Into  sewers  in  the  early  spring 
(pp.  352-353). 

713  Witt  (Otto  N.).     The  origin  of  coal  and  of  carbonated  spring  waters. 

Sci.  Am.  Supp.,  vol.  60,  p.  24791. 

Discusses  the  theory  that  water  and  carbon  dioxide  of  certain  springs 
Is  due  to  the  Internal  combustion  of  burled  organic  matter. 

714  Wittmaxm    (Ernest).     The  geological   and   toi)ographical   features  of  tlie 

city  of  Monterey,  Nuevo  Leon,  Mexico,  and  its  vicinity. 

Am.  Geologist,  vol.  35,  pp.  171-179. 

Notes  the  occurrence  and  movement  of  water  in  gravels,  the  motion 
being  sometimes  visible  in  shallow  wells  (p.  174).  Mentions  a  2,100-foot 
well  which  failed  to  get  water.  Describes  rise  of  hot  sulphur  water  along 
fissure  from  an  estimated  depth  of  3,000  feet,  the  rise  being  ascribed  to 
"pressure  exercised  by  the  expansion  of  the  heated  water  Itself*'  (p.  176). 

715  Wood  (B.  D.),  Hoyt  (John  C.)  and.     Index  to  the  bydrograpbic  progress 

reiH)rts  of  the  Un4ted  States  Geological  Survey,  1888-1903. 
Water-Sup.  and  Irr.  Paper  no.  119,  U.  S.  Geol.  Survey,  253  pp. 
See  Iloyt   (John  C.)  and  Wood  (B.  D.). 

710  Woodbridge  (Dwight  E.).     The  Mesabi  iron-ore  range.    (X.)    [Minnesota.] 
Eng.  and  MIn.  Jour.,  vol.  79.  pp.  008-700,  2  figs. 

This  part  (the  tenth)  contains  n  discussion  of  the  agency  of  under- 
ground waters  In  the  formation  of  the  deposits. 

717  Woodman  (Alpheus  (J.),  Bichards  (Ellen  H.)  and.     Air,  water,  and  food 

from  a  sanitary  standi)oint. 

New  York  and  London.  1904,  262  pp.,  13  figs..  1  map. 
See  Richards   (Elle^i  H.)   and  Woodman   (Alpheus  G.). 

718  Woodward  (S.  M.).     Cost  of  pumping  for  irrigation. 

Bull.  Univ.  of  Ariz.  Agrlc.  Exp.  Sta.  no.  49,  pp.  457—469. 
L)escril)es   pumping  plants  at   several  dug  and  drilled   wells,   and  glies 
results  of  Investigations  regarding  cost. 

719  Wright  (A.  E.)  and  Collins  (A.  B,).     Irrigation  near  Garden,  Kans,,  1904. 

null.  Office  Exp.  Stn..  U.  S.  Dept.  Agr.,  no.  15S.  pp.  585-594. 
Describes  methods  of  obtaining  irrigating  waters  by  means  of  wells  Into 
the  "  underflow,"  and  de8cril)es  methods  of  pumping  by  windmills. 

720  Wright  (Fre<l  Eugene).     Kei)ort  of  progress  in  tlie  Porcupines. 

Ann.  Kept.  Michigan  Geol.  Survey.  1903,  pp.  ;i3-44. 

Describes  occurrence  of  springs  In  connection  with  faulting  (pp.  39,  40); 
mentions  disappearance  of  streams  below  ground  (p.  41),  and  their  origin 
In  mountain  springs  (p.  4.*)). 

Y. 

721  Yale  (Charles  (J.).     Borax. 

Mineral  Ue-sourcos  V.  S.  for  1904.  T'.  S.  Geol.  Survey,  pp.  1017-102S. 

Notes  the  location  of  an  artesian  well  near  Borax  Lake,  Lake  County, 
Cal.  The  artesian  water  so  dlluteil  the  waters  of  tlie  lake  that  the  mana* 
facture  of  borax  from  the  lake  water  became  unprofitable  (p.  1017). 
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Mineral  springs,  list  of.  606. 
Mineral  waters,  production  and  value, 

100,  527. 
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Knox,  606. 
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Cretaceous,  606. 
Tertiary,  606. 
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ore  deposits,  607. 
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Artesian  wells,  606,  613. 
Wells  in  general,  89,  407.  606. 
Distribution,  613. 
Records,  49,  407. 
Statistics.  89,  407. 
Alaska. 

Blows  of  water  and  gas.  424,  425. 
Faults,    relation    of,    to    underground 

waters,  424. 
Mine  waters,  44. 
Seepage,  424,  425. 
Springs  containing  gas  and  oil,  424. 
Underground  waters  in  oil  wells,  424, 

425. 
Underground  waters,  part  of,  in  forma 
tion    and    alteration    of    veins,  619, 
620. 
Well  records,  424,  425. 
Algae,  occurrence  of.  In  hot  springs,  679. 
Algeria. 

Wells : 

Composition,  346. 
Construction,  346. 
Descriptions,  346,  494, 628. 
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Algeria — Continued. 
Wells — Continued. 

History  of  artesian  boring,  346. 

Use  for  irrlKation.  4!»4.  528. 
Algonkian    system.     See    XTnderground    wa- 
ters, occurrence  of,  pre-Cambrlan. 
AlkaU. 

Effect  of  seepage  on,  283,  698. 
Relation  to  rise  of  water  table,  709. 
Alkali  lands,  underdralnage  of,  709. 
Alkali  waters,  occurrence  of,  TTtah,  702. 
Alluvium.     See  Underground  waters,  occur- 
rence of. 
Alteration.     See  Underground  waters,  work 

of. 
Analyses,  value  of,  435,  558a. 
Analyses  of  water  of — 

Collecting  tunnels,  California,  408. 
Gravel,  Iowa,  706. 
Maquoketa   formation,    Iowa,    706. 
Mine  waters : 

Mexico,  68. 

Nevada,  552,  554.  555. 

Pennsylvania,   341. 
Mineral  waters: 

Cuba,  196. 

Iowa,  706. 
St.  Louis  formation,  Iowa,  706. 
Springs : 

Arizona,  403. 

Arkansas,  688. 

Colorado,  264. 

Connecticut,  612. 

Cuba,  196. 

Georgia,   440,  688. 

Indiana,  27. 

Kansas,  615. 

Maine,   18. 

Massachusetts.  657. 

Missouri.  409.  413.  520,  592,  615. 

Montana.  687. 

Nevada,  399. 

New  .Tcrsey,  371. 

New  York.  281. 

Oklahoma.  184.  228a. 

PennHylvanIa,  58. 

Vermont.  532. 

Washington,  379. 

West  VlrKlnla.  639. 

Wyoming?.  H7. 

Gpnornl.  72, 
TrlasHlc  .system,  Connecticut,  105. 
Wells  : 

Arizona,  :iS5.  .387. 

Colorado,  87. 

Conneotlciit.  105.  612. 

Cn])a.  100. 

(Jeorj^la,  440. 

Indian  Territory,  244. 

Indiana.  27. 

Iowa.  Mut,  518. 

Kansas.  S7.  615. 

Ix)iiiHiana.  256. 

Massachusetts,  105.  545. 

Michigan,  70.  146,211. 

Mississippi,  411. 


Analyses  of  water  of — Continued. 
Wei  Is — Cont  inued. 

Misouri,  520,  577,  615,  618. 
New  Jersey,  674. 
New  Mexico.  354. 
New  York,  656,  697. 
North  Dakota.  370. 
Oklahoma,  184,  228a,  244. 
South  Dakota,  86. 
Washington,  379. 
Wyoming,  86. 
Underground  waters  in  general : 
California,  455. 
New  York,  546. 
Sahara,  345. 
Texas,  603. 
Analysis  of  underground  water,  metb( 

390,  558a. 
Aqueo-igneous  fusion,  work  of  underg 

waters  in,  56. 
Arapahoe      formation.      See      Underg 

waters,  occurrence  of.    • 
Arbuckle       limestone.      See       Underg 

waters,  occurrence  of. 
Argentine     Republic,     use    of    underg 

water,  irrigation,  76. 
Arikaree       formation.      See       Underg 

waters,  ocurrence  of. 
Arizona. 

Absorption  of  w^ater  by  rocks,  4( 
Bibliography    of    publications    re 

to  underground  waters,  204. 
Magmatic  waters*  work  of,  405. 
Mine  waters.  405. 
Mineral  waters,  production  and 

100.  527. 
Ore     deposits,     part     of     underj! 
water   In   formation  of,   78. 40 
rrincipal  ptiblleations  : 
Clifton  folio.  403. 
Copper  deposits  of  Clifton-M 

district,  405. 
List  of  deep  Ix)rlng8  in  the  1 

States.  89. 
T'nderground  waters  of  Salt 
valley,   387. 
Seepaj^e   Investigations.  273,  385. 
Seej)a};e  waters,  ocriirrence  of.  2 
Solution  featiires,  90. 
Springs  : 

Mineral     siirlnps.  description 
Thermal  springs  : 
Deposits,  3.30. 
Descriptions,  403. 
Other  springs  : 

Analyses.   40.3. 

Descriptions.   405. 

Distribution.   403. 

T'nderdralnu^'e  of  alkali  lands.  ( 

rnderfl(»w.   measurement  of.  387 

l'nder«r(Min<l     streams     and     chj 

2SS.  .-{ST. 
I*ndery:roun<l  waters: 
Circulation.  7S.  405. 
ComiM)sltl(.n.  .'i87.  405. 
Deposits,  3S7. 
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rixoiu — Continued. 

Underground  waters — Continued. 
Depth,  403.  405. 
Movement,  405. 
Occurrence,  283,  387. 
Temperature,  405. 
Work  of: 

Alteration    of    ore    deposits, 

403. 
Chalcocitization,  405. 
Leaching,  188. 
Metamorphism,  405. 
Metasomatosis,  405. 
Uses  of  uxiderground  waters : 

Mine  waters,  water  power,  330. 
Wells : 

Irrigation,  387. 
Power,  288. 
Viens.   part  of  underground   water   in 

formation  of,  403. 
Volcanic  water,  403. 
Water  table: 
Depth,  385. 
Description,  387. 
Fluctuation,  387. 
Map,  387. 
Wells : 

Analyses,  385,  387. 
Cost  of  pumping,  387. 
Depth,  385. 
Descriptions,  288.  387. 
Records,  407. 
Statistics,  89,  387,  407. 
Arkantas. 

Absorption  of  water  of  streams,  544. 
Bibliographies  containing  references  to 

underground  waters,  89,  204,  542. 
Brines,  672. 
Mine  waters,  75. 
Mineral  springs,  list  of,  542. 
Mineral   waters,  production   and   value, 

100,  527. 
Ore     deposits,   part     of     underground 

waters  in  formation  of,  684. 
Principal  publications : 

List    of    deep    borings    in    United 

States,  89. 
Radio-active   properties   of   waters 
of  springs  on   Hot  Springs  Re8- 
ervation,  20. 
Underground     waters    of    eastern 

United  States,  542.  671. 
Underground    waters    of    northern 
Louisiana     and     southern     Ar- 
kansas, 672. 
Water    resources    of    the    contact 
region     between     the     Paleozoic 
and    Mississippi    erabayment   de- 
posits    in     northern     Arkansas, 
544. 
Water     resources     of     the     .Topi  In 
district.  Missouri-Arkansas.  615. 
Water    resources    of    the    Winslow 

quadrangle,  543. 
Water     supplies     of     the     Ozark 
region,  2. 


Arkansas — Continued. 

Sohition  features,  2.  542. 
Springs : 

Mineral   springs,  542,  647. 
Thermal  springs : 

Composition,  688. 
Effect  on  health,  490. 
Geologic  relations,  688. 
Origin,  684. 
Other  springs : 
Analyses,  688. 
Composition,  490,  543. 
Deposits,  29,  647,  688. 
Descriptions,  542,  543. 
Discharge,  29.  210,  688. 
Geologic  relations,  2. 
Origin,  684. 

Radio-active  .properties,  29. 
Temperatures,  29,  688. 
Uses,  2. 
Underflow,  description,  604. 
Underground  channels,  645. 
Underground  waters : 
Circulation,  2,  542. 
Composition,  542,  544. 
Movement,  604. 
Occurrence : 

Descriptions,  544,  645. 
Formations : 

Batesville,  542,  544. 
Bingen,  542,  671.  672. 
Boone.  542,  543,  544,  647. 
Catahoula,  542,  671,  672. 
Cockfleld,  672. 
Grand  Gulf,  672. 
Hall,  543. 
Morrow,  544,  647. 
Nacatoch,  542,  671,  672. 
Pentremital,  542. 
Pitkin,  543.  544. 
Sabine,  542,  671.  672. 
Winslow,  543. 
Systems : 

Cretaceous.  671. 
Ordovician,  542,  544. 
Tertiary,    542,   544,   671, 
672. 
Work  of: 

Metasomatosis,  684. 
Solution,  212. 
Uses  of  underground  waters : 
Springs,  for  resorts,  664. 
Wells : 

Boilers,  542. 
Ice  plants,  542. 
Public  supplies,  542. 
Wells : 

Capacity,  544. 
Construction,  542,  652. 
Cost,  652. 
Descriptions,  89,  407. 

Artesian  wells,  594.  672. 
Other  wells,  542,  543. 
Pumping.  652. 
Records.  407. 
StatlsUcs,  89,  407. 
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Ancnic,   occurrence   in   sprinjc   water,    Mex- 
ico, 500. 
Artesian  areafl. 

California,  451,  455,  457. 
Florida,  201. 
Michigan.  70. 
Minnesota,  248. 
New  Mexico,  304. 
New  South  Wales,  535. 
New  York,  697. 
Oregon,  569. 
Artesian  boring  in  the  Sahara,  history,  346. 
Artesian   conditions. 
California,  26. 
Colorado.  87,  376. 
Kansas,  87. 
Michigan,  206. 
Minnesote,  710. 

Missouri   and  adjacent   States,  594. 
Nebraska,  87. 
Nevada.  25. 
New  Mexico.  304. 
New  York,  206. 
Oklahoma,  228a. 
Oregon.  569. 
Pennsylvania',  58. 
South  Dakota,  86,  87. 
Turkestan,  300. 
Washington,  51,  610. 
West  Virginia,  8. 
Wyoming,  86,  87. 
General,  431. 
Artesian    pressures,    measurement    of,    190, 

208. 
Artesian    prospects.     See    also    Well     pros- 
pects. 

China,  707. 
Maryland,  426. 
New  Mexico,  354. 
West  Virginia,  427. 
Artesian  requisites. 
Louisiana.  256. 
Washington,  51. 
Wisconsin,  170. 
Artesian   systems,   Alabama.   60G. 
Artesian     water.      See     also     Underground 
waters. 

Definition.  .383. 
Essential  conditions  for.  ID."). 
Folios  relating  to,  262. 
Genenil  description,  411. 
Maps  : 

California,  452,  4.'-)3.  4.">4. 

Minnesota.  247,  248,  710. 

Montana.  94. 

North  Dakota.  247. 

South  Dakota.  8«.  04. 

Wyoming.  HO.  94. 
Occurrence  of.  in  crystal! no  rocks  : 

Connecticut,  5S0. 

Maine.  Oil. 
Occurrence  of.  descriptions : 

California.  547. 

China.  299. 

Indiana.  20. 

Kentucky,  7. 

Louisiana,  256. 


Artesian  water — Continued. 

Occurrence   of,  descriptions — Cont'd. 
Maine.  18. 

Massachusetts,  79,  80. 
New  Mexico,  309. 
New  York.  224. 
South   Carolina,  226. 
Texas.  559. 
Utah,  34. 
Occurrence    of.    In    unconflned    strata, 
189. 
Artesian  wells,  definition,  431. 
Artesian    wells.     See    Wells,    artesian. 
Assay  of  water,  method  of,  390. 
Australia.     See  also  by  States. 
Brines,  descriptions,  564. 
Mine  waters,  406,  564. 
Underground     waters,     occurrence    in 

buried  gravels,  406. 
T'ses  of  underground  waters: 
Mine  waters.  466. 
Wells,  466. 
Water  table.  efTect  of  pumping  on,  40^ 
Austria-Hungary,  underground  water,  occur- 
rence of,  in  tunnel,  531. 


Baluchistan,  absence  of  water  In,  301. 
Basalt.     See  Underground  water,  occurrence 

of. 
Batesville     sandstone.       See     Underground 

water,  occurrence  of. 
Bathing.     See  Uses  of  underground  water. 
Belgium,    solution    features,    180. 
Berea    grit.     See    Underground    waters,  oc- 
currence of. 
Bermuda  Islands. 

Solution  features: 
Caves.  22,  242. 
Sink  holes.  22,  422. 
Solution    features    in   general,  22, 

422. 
Underground  channels,  22. 
Bibliographies      containing      references     to 
underground  waters. 
Deep  borings,  89. 

I'ubllcatlons   of   U.    S.    Geological  Sur- 
vey. 204.  202,  079,  680. 
States  : 

Alabama.  204.  006. 
Arkansas.  204,  542. 
Connecticut,  204.  230. 
Delaware.  S8.  204. 
District  of  Columbia,  92,  204. 
Florida,  201,  204. 
Oor^'ia.  204.  441. 
Illinois.  L'04.  .104. 
Indiana,  204.  ;J95. 
Iowa,  204.  ."ill. 
Kentucky.  204.  227. 
Louisiana,  204.  671. 
Maryland.  01.  204. 
Massa<hnsctts.  TO.  2C4. 
MUbl^'an.  202,  204. 
Minnesota.  204.  248. 
Mississippi,  204,  337. 
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Lbliographies   containing;   references   to   un- 
derground waters — Continued. 
States — Continued. 

Missouri,  204,  r»03. 
New  Jersey,  204,  363. 
New  South  Wales,  53r>. 
New  Yorli,  204,  689. 
North  Carolina.  200,  204, 
Ohio.  204,  396. 
Pennsylvania,  199,  204. 
Rhode  Island,  79,  204. 
South  Carolina,  204,  226. 
Tennessee,  204,  227. 
_     Vermont,  204,  532. 
Virginia.  93,  204. 
West  Virginia,  203.  204. 
Wisconsin,  204,  581. 
Work    of   U.    S.    Geological    Survey    on 
underground  waters,  205. 
iloxi      sand.      See      Underground      water, 
occurrence  of. 

ingen    formation.     See    Underground    wa- 
ter, occurrence  of. 
lowing  wells. 
Causes.  162. 
Descriptions : 

I>oul8iana,  585. 
Nebraska,  585. 
Utah,  34. 
General,  486. 
Work   of   U.    S.    Geological   Survey   on, 
162. 
OW8  of  water  and  gas,  Alaska,  424,  425. 
>one  formation.     See  Underground  water. 
Occurrence  of. 

>ring,    methods    of.     See    Wells    and    l)or- 
Itigs,  construction. 

»ing,  deep,  for  determination  of  temi>era- 
ture.  241. 

wrings.     See  Records  ;    also  Wells  and  Imr- 
ings. 

Bureau  of  underground  waters,  5S4. 
Records,  borings,  41. 
Underground   waters,   work  of.   In  for- 
mation of  stone  reefs.  41. 
eathing    wells.     See    Blowing   weli.s. 
ecctated  rocks,  occurrence  of  underground 
water  In,  392. 

entwood      limestone.      See     Underground 
Water,  occurrence  of. 
ine  springs. 
Analyses,  72. 
Descriptions : 
Kansas.  87. 
Oklahoma,  320. 
Wyoming.  87. 
FInumeration  of.  In  T^nlted  States,  72. 
»nes  and  salt  waters. 

Contamination  by,  Indiana,  37. 
Occurrence  of : 
Alabama.  600. 
Arizona.  90. 
Arkansas.  672. 
Australia.  504. 
China,  514. 
Germany,  514. 


Brines  and  salt  waters — Continued. 
Occurrence  of — Continued. 
Illinois,  394. 
Indiana.  395. 
Iowa,  511. 

Ix)uisiana,  256.  514,  558,  672. 
Michigan,  202,  381,  382. 
Mississippi,  337. 
Morocco,  179. 
New  York,  174,  697. 
Ohio,  396. 
Oklahoma,  228a. 
Pennsylvania,  199. 
Persia.  301. 
Russia,  514. 
South  Carolina,  226. 
Tennessee,  227. 
Texas,  176,  514. 
Utah.  34. 
Wyoming,  87. 
General : 

Brines  as  a  source  of  bromine,  459. 
Relation  of  salt  water  to  th«»  for- 
mation of  oil  and  gas  pools,  460. 
British  Columbia. 

Mine  waters,  61. 

Ore  deposits,  part  of  underground  wa- 
ter in  formation  of,  55. 
Records,  lx>rings,  1 14. 
Solution  features  : 

Caves  in  limestone,  217. 
Underground  channels,  217. 
Buchanan    gravel.     See     Underground     wa- 
ters, occurrence  of. 
Buhrstone.     See    Underground     waters,     oc- 
currence of. 
Burlington      limestone.      See     Underground 
waters,  occurrence  of. 

C. 
Caliche.      See      Deposits     by      underground 

waters. 
California. 

Absorption    of    water    by    gravels    and 

sands,  60,  331.  066. 
Absorption  of  water  of  streams,  60. 
Artesian  areas.  451,  455,  457. 
Artesian  conditions.  376. 
Arteslun-water  maps.  452,  453,  454. 
Bibliography    containing   references   to 

underground  waters,  89,  204. 
Capacity  of  sediments,  252. 
Collecting  tunnels : 
Analyses,  408. 
Descriptions,  408. 
Economical  use  of  water,  340. 
Hummocks,    part    of   underground    wa- 
ters in  formation  of.  048* 
Interference  of  wells.  452,  453.  454. 
r^aws  relating  to  underground  waters, 

178,  683.  700. 
Mine  waters,  45,  562. 
Mineral  waters,  production  and  value. 

100,  527. 
Ore  deposits,  part  of  underground  wa- 
ter in  formation  of,  233,   239,   648, 
049. 
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California — Continued. 

Porosity  of  sediments,  252. 
Principal  publications : 

Development   of  underground   wa- 
ters    in     the     central     Coastal 
Plain    region   of  southern    Cali- 
fornia, 453. 
Development  of  underground   wa- 
ters    In     the     eastern     Coastal 
Plain    region   of   southern   Cali- 
fornia. 452. 
Development  of  underground  wa- 
ters    in     the     western     Coastal 
Plain   region   of  southern   Cali- 
fornia, 454. 
Hydrology  of  the  San  Bernardino 

Valley,  455. 
List    of    deep    borings    In    United 

States,  89. 
Pumping    underground    water    in 

southern   California,  178. 
Reclamation     work     in     southern 

California,  26. 
Soil  survey  of  the  San  .ToHe  area, 

California,  383. 
Studies  of  California  ground   wa- 
ters, 451. 
Underflow    tests    In    the    drainage 
basin     of    Los     Angeles     River. 
252. 
Underground    waters    of   southern 

California,  456. 
Water    problems    of    Santa    Bar- 
bara, Cal.,  408. 
Waterworks    of    I»ortervine,    (^al., 
258. 
Return  seepage,  178,  455. 
Seepage  waters : 

Descriptions,  283,  284,  384.  563. 
Injurious  effects  of,  284. 
Use  of.  26. 
Springs : 

Mineral   springs,   composition,  682. 
Springs  in  general : 
Deposits.  648,  687. 
Descriptions,     69,     473,     475), 

648. 
Distribution,  331. 
Underdralnage    of    alkali    lands,    698, 

708. 
Undertlow,    measurement   of,   140,   252, 

602. 
Underground   waters  : 
Analyses,  455. 
Circulation.  239,  331. 
Contamination,  258. 
Decline.    161.    163,    178.    455,   456. 

457. 
Fluctuation,  456. 
Movements.  252. 
Occurrence  of : 

Descriptions,     26.     283.     383. 
384,     451.     452.     453,     454. 
455,  456,  457. 
Sand    and    gravel,    178.    2S4, 
304. 


California — Continued. 

Underground  waters — Continued. 
Overdevelopment,  161, 163. 
l*recautions  In  use  of,  456. 
Relation  to  faults,  239. 
Temperatures,  455. 
Work  of.  In  alteration  of  pe^a- 
tlte,  682. 
•   Work  of,  In  *'  self-rising  ground," 
650. 
Work  of,  In  sillcificatlon  of  rock, 
648. 
Uses  of  underground  waters : 
Springs,  private  supplies,  69. 
Wells : 

Irrigation,  187,  284,  383,  386, 
446,    452,     453,    454,    455, 
456,     458,     494,    600,    665, 
676,  698. 
Private  supplies,  384. 
Public   supplies,    60,   65,  340. 
468. 
Veins,   part  of  underground  water    ^^ 

formation  of,  619. 
Water  problems,  53. 
Water  table : 

F^ffect  of  Irrigation  on,  1. 
Effect  of  pumping  wells  on,  133- 
Kluctuatlons,  1,  26,  252,  446. 
Wells : 

Artesian    wells,   descriptions,   A^^' 
547,  562,  721. 
Discharge.  562. 
Distribution,  384. 
Pumping,  16,  698. 
Wells   In  general : 


I 
2C 


^, 


Construction,    252,    364,    6(W 

602. 
Cost,  230,  452,  453,  454. 

Descriptions.  89,  407. 
Discharge.  408.  600. 
Distribution,  452,  453,  454. 
Pumping,   1,33,   150.   178,  38^ 

384.  452,  453,  454,  562. 
Records.  252,  407,  455. 
Statistics,   89,   258,   407,    45^^ 
453.  454,  455,  468. 
Cambrian     system.     See    Underground     wa  " 

ters,    occur ronoe   of. 
Capacity   of   rocks    and    soils,    197,  252,  286^ 

602. 
Capacity    of    springs    and    wells.      See    DIs- 

cliar^'c. 
Capillarity. 

Hocks,  (\allfornla,  383. 
Soils,   :u)o. 
Carbon  dioxide   In   springs. 

Descriptions.  New  York.  401. 
Origin,    713. 
Uses. 
Carboniferous     system.       See      Underground 

waters,   occurrence  of. 
Catahoula      formation.       See      Underground 

waters,  occurrence  of. 
Cave  deposits.      See  Deposits,  caves. 
Caves,  absorption  of  water  by,  108. 
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,  descriptions.     See  Solution  features. 

.  relation  of  formation  to  ore  deposits, 

:a8,  574. 

itation  by  underjH'ound  waters. 

'onnecticut,  349. 

ndlana,  461. 

lew  Brunswiclt,  349. 

lew  Jersey,  349. 

lew  York,  349. 

'ennsylvania,    349. 

leneral,  388. 

Ionia.  Sea  Mills  of,  431,  433. 

on   formation.     See   I^nder^ound   wa- 

,  occurrence  of. 

>citi2ation,    part    of    underground    wa- 

;  in,  Arizona,  40r>. 

kee    sliale.     See    Underground    waters, 

irrence  of. 

;>eake     formation.      See     T'nderground 

era,  occurrence  of. 

;r    sandstone.     See    Underground    wa 

,  occurrence  of. 

rtesian  water  : 

descriptions.    299. 

Prospects,  707. 
irines.  occurrence  in  oil  wells,  514. 
prings,  descriptions.   *J9?K 
nderground   waters,  occurrence  of,   In 
drift,   299. 
Tells : 

Construction.  6. 

Description  of  salt  wella,  507. 

Need  of,  5. 

Pumping,  5. 
ne  in   natural   waters,   329. 
tization,    part   of   underground    waters 
North  Carolina,  5.'?9. 
!au  limestone.      See    I  Underground   wa- 
,   occurrence   of. 

ition  and  movements  of  underground 
ers. 

ondltions  of,  24. 
epth  of  penetration,  5<{. 
escrlptions  : 

Alabama,  Oor,. 

Arizona,  7H.  40.">. 

Arkansas.   r>42,  (>04. 

Bermuda  Islands.  22. 

California.  2.-i2,  IVM. 

Colorado,  2:{h,  32S. 

Connecticut,    19.').  2:J0. 

Cuba.   19<5. 

France,  (;k4. 

Georgia,  (;S4. 

Illinois.    12.437. 

Indiana.   3!)r>. 

Iowa,    450. 

Kentucky.  (UJS. 

Louisiana.   2r>(>. 

Massachusetts.  105. 

Mexico.    714. 

Michigan,   200.  :i92. 

Minnesota,  248,    392. 


Circulation  and  movements  of  underground 
waters — Continued. 

Descriptions — Continued. 
Missouri,  592. 
Nevada,  624,  627. 
New  Hampshire,  198. 
New  Jersey,  363. 
New  Mexico.  1^52. 
New  York.  206. 
North  Carolina,  347. 
Oregon,  569. 
I*ennsylvania,   199. 
South  Carolina.  226. 
Tennessee,  347. 
Utah,  348. 
Washington,  379. 
Wisconsin,  392. 

General,  255,  374,  481.  599,  643. 
Relation  to  faults,  239, 
Relation  to  fissures  : 
Vermont,  35. 
General,  251. 
Relation  to  formation  of  ore  deposits, 

400. 
Relation    to    weathering.    North    Caro- 
lina, 539. 
Claiborne      formation.      See      Underground 

waters,  occurrence  of. 
Classification  of  springs,   257. 
Clay    marl.     See    Underground    waters,    oc- 
currence of. 
Clinton    limestone.     See    Underground    wa- 
ters, occurrence  of. 
Cockfield  formation.     See  Underground  wa- 
ters, occurrence  of. 
Cohansey      formation.      See      TTnderground 

waters,  occurrence  of. 
Coldwater  shale.     See  Underground   waters, 

occurrence  of. 
Collecting    ditches,    galleries,    and    tunnels. 

See  Structures. 
Colorado. 

Bibliographies  containing  references  to 

underground  waters,  89,  204. 
Crevice  encountered  by  oil  well,  175. 
Drainage  of  mines,  46,  478. 
Mine  waters,  478,  483,  487. 
Mineral   waters: 

Descriptions,  87. 
Production  and  value,  100,  527. 
Ore  deposits,  part  of  underground  wa- 
ters in  formation  of.   117,  238,  327. 
328,  463,  582,  628. 
Permeability  of  rocks,  46. 
Principal  publications  : 

Drainage    of    the    Cripple     Creek 

district.  46. 
(ieology    and    water    resources    of 

the  central  Great  Plains,  87. 
List    of    deep    borings    in    Ignited 
States,  89. 
Radium,  occurrence  of,  in  spring  depos- 
its, 264. 
Return  seepage,  168,  443,  661. 
Seepage  waters,  relation  to  Irrigation, 
282. 
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Colorado — Continued. 
Springs : 

OumposltloD,  204. 
Deposits,  204,  205. 
Descriptions,  87,  204,  377. 
Relation  to  dikes,  375. 
Relation  to  fracture  lines,  403. 
Sublrrlgation,  effects  of,  098. 
Underground  waters : 

Circulation,  238,  328. 
Descriptions,  87,  175.  485,  487. 
Occurrence  of : 
Formations : 

Arapahoe,  87. 
Arlkaree.  87. 
Dakota,  87.  377. 
Fox  Hills,  87. 
Laramie.  87. 
Ogalalla.  87.* 
Systems : 

Cretaceous,  87. 
Tertiary,  87. 
Relation  to  faults,  238. 
Relation  to  fractures.  404,  403. 
Relation  to  Irrigation,  282. 
Uses  of  underground  waters,  wells  : 
Irrigation,  305,  040. 
Private  supplies,  303. 
Water  level,  478,  487. 
Wells : 

Artesian  wells : 
Cost,  002. 
Descriptions,  87. 
Pumping.  002. 
Wells  In  general : 

Analyses,  87,  190. 
Descriptions,     89.     303,     407, 

040. 
Pumping,  040. 
Records,  87.  407. 
Statistics.  87,  89,  407. 
Columbia      formation.      See      Underground 

waters,  occurrence  of. 
Composition  or  quality.     See  also  Analyses, 
springs  and  wells. 

<iase8    occurring    in    mineral    springs, 

589. 
Mine  waters,  31. 
Springs : 

Arkansas,  490.  088. 
California,  082. 
Colorado.  204. 
Montana,  508. 
Soutli  Dakota.  551. 
Wyoming,  72. 
(;eneral,  257,  713. 
Wells : 

Algeria.  340. 
Arizona,  385. 
Ceorgia,  704. 
Illinois,  438. 
Mlciilgan,  211. 
Minnesota,  710. 
Mississippi  Valley,  005. 
South  Dakota,  551. 


Composition  or  quality — Continued. 
Underground  waters  In  general : 
Arizona,  387,  405. 
Arkansas,  542,  544. 
Connecticut,  195,  230,  546. 
Illinois,  394. 
Massachusetts,  195. 
Michigan.  202. 
Mississippi.  411. 
Missouri,  503,  520,  592,  593. 
Montana,  027. 
Nevada,  027. 
New  Jersey,  371. 
New  York,  281,  050,  089,  092. 
Ohio,  390. 
Oklahoma,  228a. 
Pennsylvania,  199. 
Sahara.  345. 
South  Carolina,  220. 
Tennessee,  227. 
Utah,  333. 
Vermont,  532. 
Washington,  379. 
Wisconsin,  581. 
General  papers : 

Relation   to  uses,  598. 
Requirements  for  well  waters,  370. 
Connecticut. 

Artesian  water,  occurrence  of,   in   crys- 
talline rocks,  580. 
Bibliographies  containing  references  to 

underground  waters,  204,  230. 
Cementation    by    underground    waters, 

349. 
Laws    regarding   pollution    of   springs, 

23. 
Mineral  waters,  production  and  value. 

100,  527. 
Ore     deposits,     part     of     underground 

water  In  formation  of.  111. 
Principal    publications  : 

Drilled   wells   in   Triassic   area  of 

Connecticut  Valley,  545. 
List    of    deep    l)orIngs    In    United 

States,  89. 
Triassic  rocks  of  Connecticut  Val- 
ley as  a  source  of  water  supply, 
105. 
irnderground     waters    of    eastern 
I'nlled  States.  230. 
Quarry  water,  195. 
Radio-active  water,  230. 
Springs : 

Analyses,  012. 
Relation  to  faults,  2.30. 
Underground  waters  : 
Circulation,  2.S0. 
Composition.  195,  2.30,  545. 
Contamination,  195. 
Movements,  195. 
Occurrence : 

Formations  : 

Stockbridge,  230. 
Materials  : 

CryHtalliue     rocks,     230, 
580. 
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onnecticut — Continued. 

Underground  waters — Continued. 
Occurrence — Continued. 
Materials — Continued. 
Dialmse,  105. 
Drift.  230. 
Sandstone,  105,  230. 
Shale,  105. 
Quarries.  195. 
Systems,  Triassic,  230,  545. 
Relation    to    faults,  195,  230. 
Relation  to  Joints.  195. 
Temperature,  230. 
Uses  of  underground  waters,  wells  : 
Manufacturing  supplies,  545. 
Private  supplies.  545. 
Public  supplies,  230,  545. 
Wells : 

Analyses,  195,  G12. 
Construction.  195. 
Descriptions,    89,     105,    230.    407, 

545. 
Records,  407,  545. 
Statistics,  89,  407. 
Testing,  195. 
onstruction  of  wells.      See   Wells  and  lx)r- 

ings,  construction, 
ontact     metamorphism.     port     of     under- 
ground water  in  : 
Arizona.  405. 
General,  523. 
ontamination,    protection    of    underground 

water  from,  183. 
^ntamination    of    underground    waters    l>y 
oil-well  wastes.    Indiana.   37. 
^ntamination  of  underground  waters. 
Springs : 

Maine,  694. 
Mexico,  500. 
Virginia,  393. 
General,  435. 
Underground   waters   in   general : 
Connecticut,  195. 
Cuba.  196. 
Georgia,  441. 
Illinois,  394. 
Indiana.  37. 
Kansas,  615. 
Missouri,  519,  015. 
New    York.  393.  697. 
South   (Carolina.  220. 
General.  4. 
Wells  : 

California,  258. 
England,  4. 
Georgia,  440. 
Kansas.  344. 
Maine.  434,  694. 
New  York,  9. 
Oklahoma,  398. 
Pennsylvania,  434. 
General,  393,  431,  435,  558a. 
^ntributions      to      hydrology      of      eastern 
United  States.   194. 

^rniferous      limestone.      See      Underground 
Waters,  occurrence  of. 


Corrosion    of    limestone    hy    springs,    Michi- 
gan, 711. 
Cost  of  drilling,  240,  363,  710. 
Cost  of  irrigation  with  well  water,  675. 
Cost  of  pumping. 
Texas,  603,  651. 
General,  718. 
Cost  of  wells. 

Artesian  wells,  662. 
Wells  in  general  : 
Arkansas,  652. 
California,  452,  453,  454. 
Connecticut,  230. 
Kansas,  254. 
New  York.  224. 
South  Australia,  139. 
Court     decisions.     See     Laws     relating     to 

underground  waters. 
Cretaceous    system.     See    Underground    wa- 
ters, occurrence  of. 

Crystalline  rocks.     See  Underground  waters, 

occurrence  of. 
Cuba. 

Interference  of  rivers  with  wells,  196. 
Solution   features,  196. 
Springs : 

Mineral   springs,  analyses,  196. 
Springs  in  general : 
Analyses,  196. 
Descriptions,  196. 
Submarine  springs,  106,  275. 
Underground    streams,  196. 
Underground     waters,     occurrence     of, 

descriptions,  275. 
Uses  of  underground  waters,  springs : 
Bathing,  196. 
Medicinal  purposes,  196. 
Public  supplies,  196. 
Underground  streams,   public  sup- 
plies. 196. 
W^ells,  public  supplies,   196. 
Wells : 

Analyses,  196. 
Record,  196. 
Work    of    IT.    S.    War    Department    in 
well   construction.  196. 


D. 


Dakota    sandstone.     See    Underground    wa- 
ters, occurrence  of. 

Deadwood      sandstone.     See      Underground 
waters,  occurrence  of. 

Decay  of  rocks.     See  Underground   waters, 
work  of,  decomposition. 

Decline  of  underground  waters,   California, 
161,  163,  178,  446,  455.  456,  457. 
General,  696. 

Decline  of  wells.     See  also  Failure  of  wells. 
Californla,  161,  163,  457. 

Decomposition   of   rocks.     See   Underground 
waters,  work  of. 

Deep-seated  water,  definition,  431. 

Deforestation,  effect  on  flow  of  wells,  Michi- 
gan, 209,  211. 
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Delaware. 

Bibliographies  containing  references  to 

underground  waters,  88,  89,  204. 
Mineral  waters,  production  and  value 

of,  100,  527. 
Principal  publications  on  underground 
waters : 

List    of    deep    borings    in    United 

States,  89. 
Underground     waters     of    eastern 
United  States,  88. 
Underground  waters,  occurrence  of: 
Formations : 

Chesapeake,  88. 
Matawan,  88. 
Potomac,  88. 
Redbanlc,  88. 
Materials : 

Granite,  88. 
Systems : 

Cretaceous,  88. 
Tertiary,  88, 
Wells : 

Descriptions,  88,  89,  407. 
Prospects,  88. 
Records,  407. 
Statistics,  88,  89,  407. 
Delthyris  shale.     See  Underground   waters, 

occurrence  of. 
Denmark,    use   of    underground    waters    for 

public  supply,  431. 
Depletion  of  underground   waters. 
California.  101,  163,  457. 
England,  431. 
Deposits  by  underground  waters. 
Cave  waters : 

Michigan,  367. 
Missouri,  566. 
New  York,  307. 
Ground  waters,  Texas,  560. 
Springs  : 

Arizona,  330. 
Arkansas.  29,  647.  688. 
California,  648,  687. 
Colorado,  264.  265. 
Georgia,  684. 
Indian  Territory,  647. 
Java.  687. 

Malay  Peninsula,  6S7. 
Montana.  568,  6S7. 
Nevada.  300.  6S7. 
New  York,  281. 
Peru,  4.'^0. 

YellowKtono   National    Park.  687. 
Underground  waters  In  central : 
Arizona.  3S7. 
Massachusetts.  80. 
Deposits,  springs,  economic  value  of.  687. 
Depth    of    wells,    estimation    of.    from    tern 

perature  of  water,  380. 
Devonian     system.      See     Underground     wa 

ters,  occurrence  of. 
Diabase.     See    I'nderground    waters,    occur 

rence  of. 
Diamond  drilling.     See  Wells  and  borings 
construction. 


Dikes,  relation  of  springs  to,  Colorado,  37"        > 
Diorite.     See    Underground    waters,    oecu  i 

rence  of. 
4)i8charge. 

Springs : 

Fluctuation  of,  Nebraska,  412. 
Measurement  of,  Montana,  11. 
Statistics . 

Alabama,  250. 
Arkansas,  29,  210,  688. 
Georgia.  249. 
Idaho,  567. 

Missouri,  210,  272,  592. 
Nevada,  273. 
New  York,  281. 
Texas,  660. 
Utah,  273. 
Wells : 

Effect  of  deforestation  on  flow  o^t== 

Michigan,  209,  211. 
Effect    of    ditching    on     flow    o-  ^ 

Michigan,  209,  211. 
Effect  of  drought  on  flow  of  well 

504. 
Effect  of  frost  on   flow   of   well== 

209,  211. 
Measurements,  general,  601,  653. 
Statistics : 

California,  16,  408,  562,  660. 
Idaho.  311. 
I^ulslana,  256. 
Michigan,  146. 
Missouri,  593. 
New  Jersey,  674. 
New  Mexico,  287.  304. 
New  York.   546,  656,  689,  69r    - 
Queensland.  242. 
South  Australia,  139. 
South  Carolina,  226. 
District  of  Columbia. 

Bibliography    containing   references    to^ 

underground  waters,  92. 
Mineral  springs,  occurrence  of,  92. 
Principal  publications : 

List    of    deep    borings    In    United 

States.  SO. 
Underground     waters     of     eastern 
United  States.  02. 
Underground  waters,  occurrence  of. 
Formations  : 

Potomac.  02. 
Materials  : 

Crystalline  rocks.  02. 
Quicksand,  131 
I  Systems  : 

I  Cn'taceous,  02. 

Wells,  descriptions.  02. 

I    Drainage. 

I  Mines : 

I  Colorado.  40.  478. 

I  Georgia,  4.*i0. 

Ponds,   drainage    into    wells.     See    Un- 
I  derdralnagc. 

I  Swamps,  drainage  Into  wells.     See  Un- 

!  derdraluuge. 
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^*^ft.    See  Underground  waters,  occurrence 

Of. 

^«^lUng.  See  Wells  and  borings,  construc- 
tilon. 

^v»nd«c  limestone.  See  Underground  wa- 
ters, occurrence  of. 

E. 

^^<arthquake%    relation    to    underground    wa- 
ter conditions,  504. 
^^^onomical  use  of  water,  California,  340. 
Sigypt. 

Springs,  144. 
WelU,  121. 
^£llensburg  beds.     See  Underground  waters, 

occurrence  of. 
S^ngland. 

Underground  water,  depletion  of,  431. 
Wells : 

Contamination.  4. 
Description  : 

Artesian,  30. 
W^IIs  In  general,  IGO. 
Use,  30, 100. 
^^Bntd  formation.     See  Underground  waters, 

occurrence  of. 
^^Bnrichment.      See  Underground  waters,  part 
of,  in  formation  of  ore  deposits. 
ISutaw    formation.     See    Underground    wa- 
ters, occurrence  of. 
"Evaporation. 

Ground   water,  Texas,  560. 
Relation  to  spring  flow,  Nebraska,  412. 
Exhibition    of    mineral    waters,    St.    Louis 

Exposition,  42. 
Experiments. 

Cost  of  Irrigation  by  well  waters,  675. 
Flow  In  sand  and  gravel,  602. 
Well  contamination.  Georgia,  440. 

F. 

Failure  of  springs. 

Kentucky,  504. 

Pennsylrania,  504, 

West  Virginia,  504. 
Failure    of    wells.     See    also    Discharge    of 
wells. 

Kentucky,  504. 

Michigan,  209,  211. 

Pennsylvania,  504. 

West  Virginia.  504. 
Faults,  relation  of  artesian  ^'cUs  to. 

Massachusetts.  057. 
Faults,  relation  of  springs  to. 

Connecticut.  2.'iO. 

Kansas,  615. 

Massachusetts,  657. 

Michigan,  720. 

Missouri,  519.  615. 

North  Carolina,  218. 

Virginia,  9;J. 

Wyoming,  72. 


Faults,   relation   of  underground   waters  in 
general  to. 
Alaska,  424. 
Arkansas,  542. 
California,  239. 
Connecticut,  195,  230. 
New  Jersey,  363. 
Faults,    relation    to    circulation    of    und«r- 
ground  waters. 
Arizona,  78. 
California,  239. 
Colorado,  238. 
Field  assay  of  water,  390. 
Filtration    galleries.     See    Infiltration    gal- 
leries. 
Fissures. 

Relation  of  springs  to : 
Colorado,  463. 
Mexico,  714. 
General,  687. 
Relation  of  underground  waters  in  gen- 
eral to: 
Colorado,  404. 
Maine,  611. 
Utah,  35,  348. 
Washington,  51. 
Florida. 

Artesian  area,  201. 

Bibliography   containing   references   to 

underground  waters,  201,  204. 
Mineral  waters,  production  and  value, 

100,  201,  527. 
Principal  publications  on  underground 
waters : 

List    of    deep    borings    in    United 

States,  89. 
Underground    waters    of    eastern 
United  States,  201. 
Solution  features : 

Caves,  limestone,  112,  556. 
Solution  features  in  general,  201 
Springs,  descriptions,  201. 
Submarine  springs,  275,  431. 
Underground     waters,     occurrence    of, 

201,  275. 
Wells : 

Descriptions,  89,  201,  407,  431. 
Records,  407. 
Statistics,  89,  407. 
Flow.     See   Discharge. 
Fluctuation  of  discharge. 
Artesian  wells : 

rx>ulsiana,  256. 
New  Mexico,  304. 
Springs,  Nebraska,  412. 
Fluctuation  of  ground-water  level. 
Arizona,  387. 

California,  1,  26,  252,  446,  456. 
Japan,  654. 

Massachusetts,  151,  538. 
Michigan,  209,  211. 
New  York,  135,  546. 
Pennsylvania,  222. 
General,  1,  112,  255.  641.  709. 
Fluctuation   of   water   level    In   wells, 
of  A.  C.  Veatch  on,  680. 


94 


INDEX   TO    UNDERGROUND-WATER   LITERATURE 


Poreiti. 

Agency  In  Htorage  of  underground  wa- 
ter, 709. 
Relation  to  occurrence  of  Hi>rin^K,  540. 
Fox     Hills     formation.     See     Underground 

waters,  occurrence  of. 
Prance. 

Ore  deposits,  part  of  underground  wa- 
ters In  formation  of,  084. 
Underground  waters : 
Circulation,  684. 
Use  of  underground  waters : 
Infiltration  galleries,  225. 
Springs,  431. 
Frozen  well,  Vermont,  83. 
Fumaroles,  description,  Nevada,  627. 

Relation  to  formation  of  ore  dei>oslts, 
521. 


(5. 


Gage    for    measurement    of    artesian    pres- 
sures, 190,  208. 
Galena     limestone.     See    Underground     wa- 
ters, occurrence  of. 
Gas  springs.     See  Springs  emitting  gas. 
Gasconade      limestone.      See      Underground 

waters,  occurrence  of. 
Gauley     coal.     See     Underground     waters, 

occurrence  of. 
Genesee    formation.     See    Underground    wa- 
ters, occurrence  of. 
Genesis  of  ore  deposits.     See  Ore  deposits, 
part  of  underground  waters  in  formation 
of. 
Georgia. 

Absorption  of  water  by  limestone,  441. 
Bibliography    containing    refcrenct's    t* 

underground   waters,  204,  441. 
Drainage  of  mines,  431). 
Mine    waiters.  430,  441,  084. 
Mineral   wat«'rs.   production  and   value, 

100,  r/JT. 
Ore  deposits  : 

I'art    of    geysers    and    springs    in 

formation  of,  (>M4. 
Part     of    underground     waters     hi 
formation  of.  ns4. 
l*oro8lty,  441. 
I'rlncipal  i)ubllcatloiis  : 

List  of  deep  borings  in  the  Initeel 

States.  SO. 
T'nderground     waters     of    ensti'rn 
United  States,  441. 
Quarry  water.  CiH4. 
Solution  foaliin's  : 

Cnvos  in   liniestont*.  440, 
Sink   holes.  110. 


Solution    fellture^ 
440.  441. 


in    general.  4:{I» 


Spring 


Georgia — (Continued. 

Springs — Continued. 

Springs  in  general : 
Analyses,  440,  688. 
Deposits.  684. 
Descriptions,  240,  439. 
T'nderground  channels,  439,  441. 
Underground  waters : 
Circulation,  684. 
Composition,  704. 
Contamination,  441. 
Occurrence  of : 

Descriptions,  441. 
Materials : 

Limestone.  441. 
Quartxite,  688. 
Sandstone,  441. 
Wells : 

Analyses,  440. 
Contamination.  440. 
Descriptions.  89.  407.  441.  704. 
Records,  407,  439. 
Statistics,  89.  407. 
Germany. 

Brines,  occurrence  in  oil  wells.  514. 
Divining  rods,  use  of  in  location  of  un- 
derground water,  132,  480. 
Poriflcation  of  underground  water.  590. 
Springs : 

Descriptions,  43. 
Economic  value.  43. 
Uses : 

Public  supply.  590. 
Resorts,  43. 
Geysers. 

Descriptions,  New  Zealand,  343. 
Part  of,  in  formation  of  oi*e  deposits : 
France.  084. 
Georgia,  084. 
Physics  of.  worlc  of  William  Hallock  on. 
070. 
Gneiss.     See     Underground     waters,     occur- 
rence of. 
Gold    const,    part    of    underground    waters 

In  formation  of  ore  deposits,  579. 
Grand    (Julf    formation.     See    Underground 

waters.  o<'<Mirrence  of. 
Granite.     Sre 
ren('<'  of. 

waters,     occur 


Inderground    waters,    occur 
T'nderground 
central,    underground    waters 


Minerjil  springs.  4:iO.  441. 
Thernml  s|)rlngs  : 

Descriptions.  OSm. 

Worlc  of  W.  11.  Weed  on.  Oso. 


Gravel.     See 
ronce  of. 

Great    Plains, 
of,  M7. 

Greece,  sea  mills  of  (Vphalonla,  431,  433. 

Greenbrier      limestone.       See      Underground 
waters,  occnnence  of. 

Greer  formation.      See  Underground  waters, 
occurrence    of. 

Ground   water.     See   also   Underground   wa- 
ters. 

Definitions.  40.  4:U. 

(Jround-water  prof»lems  In  Routheastem 
Michigan.  20!). 

Gunter    sandstone.     See    T'nderground    wa- 
ters, occurrence  of. 

Gyp  water,  228a, 
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H. 
[annibal      formation.      See      Underground 

waters,  occurrence  of. 
iatchetigbee    formation.     See    Underground 

waters,  occurrence  of. 
lawaiian  islands. 

Submarine  springs,  275. 
Underground     waters,     occurrence    of, 
275. 
eating.     See  Uses  of  underground  waters, 
elderberg     limestone.      See     Underground 

waters,  occurrence  of. 
enrietta      formation.      See      Underground 

waters,  occurrence  of. 

inckley      sandstone.      See       Underground 

waters,  occurrence  of. 
olland,  occurrence  of  underground  waters 

In  sand  dunes,  432. 
ot  springs.     See  Springs,  thermal, 
udson  River  formation.     See  Underground 

waters,  occurrence  of. 

ummocks.   part  of  underground   water  In 

formation  of,  648. 

ydrologic  work.     See  Underground  waters, 

work  on,  by. 

ydrology,    Division    of,    U.    S.    Geological 

Survey,  personnel,  506. 
jrdrology   of  eastern   United   States,   sum- 
mary of  papers,  194. 
ydrometamorphism,  Arizona,  405. 
ydrothermal  metamorphism,   Arizona,  405. 

I. 
e  caves,  588. 
laho. 

Bibliography    containing   references    to 

underground  waters,  liO  L 
Mineral  waters,  production  and  value, 

100,  527. 
Principal  publications : 

List  of  deep  borings  In  the  United 
States,  89. 
Seepage  from  canals,  81. 
Springs : 

Descriptions,  300. 
Discharge,  567. 
Types: 

Fissure  sprlus^,  300. 
Seepage  springs.  84. 
Thermal  springs,  306. 
Uses  of  underground  waters  . 
Springs,  Irrigation,  306.  507. 
Wells : 

Heating.  687. 
General,  310. 
Wells : 

Artesian  wells,  descriptions,  310. 
Wells  In  general  : 

Descriptions.  84.  89,  407. 
Records.  407. 
StatisticH,  SO.  407. 
linois. 

Bibliographies  contMiuin^''  rofereiicc«  to 

underground  waters,  89,  204,  394. 
Brines,  394. 


Illinois — Continued. 

Mineral  springs,  list  of,  804. 

Mineral  waters,  production  and  value, 

100,  527. 
Ore  deposits,  part  of  underground  wa- 
ters In  formation  of,  12. 
I*rlncipal  publications : 

List  of  deep  borings  in  the  United 

States,  89. 
Underground     waters    of    eastern 
United  States,  394. 
Solution  features,  12, 13. 
Underground  channels,  13. 
Underground  waters : 
Circulation,    12,437. 
Contamination,  394. 
Occurrence : 

Formations  : 

Chester,  894. 
Galena,  894. 
Lower  Magnesian,  394. 
Madison,  156. 
Niagara.  394. 
Potsdam,  394. 
St.  Louis,  394. 
St.  Peter,   156,394. 
Materials : 

Drift,   394,437. 
Limestone,  12. 
Systenib  . 

Carboniferous,  394. 
Devonian,  394. 
Tertiary,  394. 
Uses  of  underground  waters : 

Wells,  public  supplies,  156,  438. 
General,  public  supplies,  438. 
Wells  : 

Artesian  wells,  descriptions,  394. 
Wells  in  general : 
Capacity,  437. 
Composition,  394,  438. 
Construction,  436,  437. 
Descriptions,  89,  394,  407,  436, 

437. 
Pumping,  436,  437. 
Records,  12,407. 
Statistics,  89,407. 
Testing,  436. 
Impregnation     of     limestone     by     solutions, 

Mexico,  68. 
India,    use    of    underground    waters,    wells. 

Irrigation,  494,  676. 
Indian  Territory. 

Bibliography    containing   references   to 

underground  waters,  204. 
Mineral  waters,  production,  and  value, 

100,  527. 
Principal  publication  : 

List  of  deep  borings  In  the  United 
States.  89. 
Springs : 

Mineral  springs,  descriptions,  647. 
Springs  In  general,  deposits,  647. 
Underground  channels,  645.  ^ 
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Indian  Territory — Continued. 
UnderKround  waters : 
Occurrence  of : 

Descriptions,  645. 
Formations  : 

Boone.  647. 
Morrow,  047. 
Relation  to  faults,  047. 
Relation  to  Joints,  045. 
Wells : 

Analyses.   244. 
Descriptions,  89,  407. 
Records.  407. 
Statistics,  80,  407. 
Indiana. 

Hiijiiogmpiiii  H  containing  references  to 
undergrD\iii<l  waters,  8*"  204,  395. 

Ijftwa    regnrdlnp    pollution    of    under- 
ground   wftter«it  23. 
MlaerAi   waters  . 

PrcMJuctlon  and  value,  100,  527. 
Principal  publications : 

List  of  deep  borings  in  the  United 

States,  89. 
Underground     waters    of    eastern 
United  States,  395. 
Solution  features,  395. 
Sprinpt : 

Mineral  springs,  list  of,  395. 
Springs  in  general : 
Analyses,  27. 
Descriptions,  20,  395. 
Distribution,  «0.  395. 
Effect  on  Tej!i*l.aH*m,  461. 
Undprs round  watpr« 
^■Ircnlotltm  3^5. 
Ccj|ii;inHi3Ji1liin,  fit. 
Occurrence  In  pas  wells,  515. 
Occurron<o   of : 
Formations  : 

Chester,  395. 
Hudson    Ulver.  37.  .395. 
Kunlistijots  rui.". 
1^5 wpr    leklcrln?r^,  395. 
NiagAri«,:tT  395. 
St.  I^Hiis,  .395. 
St.  l»eter,  395. 
Trent  on.  37.  395. 
Wutorlinc.  395. 
Systems  : 

Carbonlfcrojis.  395. 
Tertiary.  395. 
Work    of  : 

Cementation,  401. 
T'ses  of  underground  waters: 

Inflitration     galleries     for     public 

stipplles.  50*J. 
Sprinj;s  for   water  power.  .')95. 
Wells  for  piilhlli   supply,  37.  502. 
Well   jn'ospecls.  .395. 
Wells  : 

Artesian     wells,     descriptions,    20, 

.395. 
Wells  in  ueneral  : 
Analyses,  27. 

Descriptions.  H9.  407.  502. 
UecordH,  27.  28,  3(;2.  407. 
StHtlstlcs,  89,  407. 


Induration  by  underground   waters,  Oregon. 

569. 
Infiltration.     See  Seepage. 
Infiltration    galleries.     See    Structures. 
Infiltration  of  surface  water  into  volcanoes. 

270. 
Infiltration  of  underground  waters  into  sew 
ers. 

Ix)uisiana,  263. 
Minnesota,  167. 
New  York,  268. 
Pennsylvania,  268. 
Philippine  Islands,  153,  302. 
Instruments. 

Devices   for    deep   bore-hole    surveying, 

423. 
Devinlng  rod,  use  of,  in  locating  water : 
Germany,  132,  480. 
General.  381,  488. 
Interference  of  rivers  with  wells,  Cuba,  196. 
Interference  of  underground  waters  with — 
Oil  wells,  Alaska,  425. 
IMacer  mining: 
Alaska,  44. 
Utah,  35. 
Sewers : 

Louisiana,  263. 
Philippine  Islands,  302. 
General,  538. 
Interference  of  wells,  California,   452.    453. 

454. 
Iowa. 

Absorption  of  rainfall,  706. 
Absorption    of    water    by    rocks     and 

soils.  700. 
Blljlliigrftphles  containing  references  to 

urideri^roiind  waters,  89,  204,  511. 
Brines.  511. 

Drnlnnge  of  swamps  into  wells,  450. 
Mineral  springs,  list  of,  511. 
Mineral  waters  : 
Analyses,  700. 
Descriptions.  706. 
I'roductlon  and  value,  100,  527. 
Principal  publications  : 

List  of  deep  borings  in  the  United 

States,  89. 
Underground     waters     of    eastern 
United  States,  511. 
Sprinjjs.  distribution,  706. 
rnflerdralnaire.  450. 
Underjijrouud  waters: 

Analyses,    formations  : 
Maciuoketa.  706. 
St.   Louis,  706. 
Movement.  450. 
Occurrence  : 

Descriptions.  663. 
Formations  : 

Rnclianan,  511. 
Dal^ota,   511. 
(iaiena,  511. 
.Jordan.  511,  512. 
Lower   Magnesian,  511. 
Niak'ara.  305,  667. 
Oneota.  511.512. 
St.   Peters,  511,  512,  51 S. 
0G7. 
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lo^nra — Continued. 

IJndersn'ound  waters — Continued. 
Occurrence — Continued. 
Materials : 

Dolomite,  511. 
Drift,  511,  518. 
Systems : 

Algonklan,  511. 
Cambrian,  511. 
Carboniferous,  511. 
Ordovlclan,  511. 
Uses  of  underground  waters,  wells : 
Private  supplies,  417,  575. 
Public  supplies,  417,  575,  667. 
Well  prospects,  191,  512. 
Wells : 

Artesian  wells : 

Descriptions,  511. 
Distribution,  706. 
Wells  In  general : 

Analyses.  365,  518. 
Descriptions,  89,  407. 
Records,  407,  417,  667,  706. 
Statistics,  89,  407.  518. 
Temperatures,  518. 
Work   of   U.   S.   Geological    Survey   on 
underground  waters,  191. 
I rri station.     See  Uses  of  underground  waters. 
Italy. 

Seepage  from  canais,  444. 
Thermal  waters  encountered  in  the 
Simplon  tunnel,  47,  66,  67,  120. 
127,  130,  138,  357,  358,  359,  465. 
469,  482.  489,  495,  576,  587,  655. 
Use  of  underground  waters,  springs, 
irrigation,  444. 


Japan,    fluctuation    of    water    in    artesian 

wells,  654. 
Java,  deposits  from  springs,  687. 
Joints.     See   also   Underground   waters,   oc- 
currence of. 

Relation  to  occurrence  of  underground 

waters,  Connecticut.  195. 
Transmission    of    underground    water 
through : 

Michigan,  206. 
New  York.  192. 
Jordan    sandstone.     See    Underground    wa- 
ters, occurrence  of. 
Jurassic  system.     See  Underground  waters, 
occurrence  of. 

K. 
Kansas. 

Bibliography   containing   references   to 

underground  waters,  89.  204. 
Brine  springs.  87. 
Mine  waters,  615. 
Mineral  waters : 

Descriptions,  87. 
Production  and  value,  100,  527. 
Principal  publications  : 

Geology    and    water    resources    of 
the  central  Great  Plains,  87. 


Kansas — Continued. 

Principal  publications — Continued. 

List    of   deep    borings    In    United 
States,  89. 
Springs : 

Analyses,  615. 
Descriptions,  421,  615. 
Relation  to  faults,  615. 
Underground  waters : 
Contamination,  615. 
Occurrence : 

Description,  87. 
Formations : 

Arikaree,  87. 
Dakota,  87,  421. 
Ogalalia,  87. 
,. Systems : 

Cretaceous,  87. 
Tertiary,  87. 
Uses  of  underground  waters,  wells : 
Irrigation,  254,  640,  719. 
i  Geperal,  254. 

Water  level,  effect  of  pumping  on,  125. 
I  Wells : 

j  Analyses,  87,  615. 

Construction,  254. 
Contamination,  344. 
j  Cost,  254. 

Descriptions,  89,  407,  640. 
Pumping,  254,  640,  719. 
Records,  87,  407. 
Statistics,  87,  89,  407. 
Work  of  Reclamation  Service  on  under- 
flow, 680. 
Kentucky. 

Bibliographies     containing     references 
to  underground   waters,  89,  204,  227. 
Failure  of  springs  and  wells,  504. 
Mineral  springs,  list  of,  227. 
Mineral  waters,  production  and  value, 

100,  527. 
Ore  deposits,  part  of  underground  wa- 
ter in  formation  of,  14,  614. 
Principal  publications : 

List    of    deep    borings    in    United 

States,  89. 
Underground    waters    of    eastern 

United  States,  227. 
Water    resources    of    the    Middle- 
boro-Harlan  district,  7. 
Solution  features : 

Caves,  limestone,  289,  557. 
Sink  holes,  557,  614,  668. 
Solution  features  in  general,  289, 
557,  614,  668. 
Springs,  descriptions,  7,  227. 
Underground  waters : 
Circulation,  668. 
Occurrence : 

Formations: 
Lee,  7. 

Lignitic,  227. 
Porters  Creek,  227. 
Ripley,  227. 
Systems : 

Carboniferous,  227. 
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Kentucky — CoDtlnned. 

Underground  waters — Continued. 

Relation  to  igneous  intruaions,  14. 
Work  of,  in  toiutton  of  limestone, 
668. 
Wells : 

Artesian  wells,  descriptions,  7, 594. 
Wells  in  general : 

Descriptions,  89,  227, 407. 
Records,  407. 
SUtistics,  80.  407. 
Kirkwood     formation.     Bee     Underground 

waters,  occurrence  of. 
Knobstoae     formation.     See     Underground 

waters,  occurrence  of. 
Kaoz  dolomite.     Bee  Underground  waters, 

occurrence  of. 
Korea,  spring,  description,   297. 


Lafayette     formation.      Bee     Underground 

waters,  occurrence  of. 
Lakou   formation.    Bee   Underground    wa- 
ters, occurrence  of. 
Landslips,  part  of  underground  water  in — 
MonUna,  629. 
General,  154. 
Laramie  formation.    Bee  Underground  wa- 
ters, occurrence  of. 
Laws  relating  to  underground  waters : 
California,  178, 688, 700. 
Connecticut,  2S. 
Indiana,  28. 
New  York.  136. 143. 
North  Carolina,  510. 
Wyoming,  104. 
General,  228,  335,  467.  591. 
Laws  relating  to  underground  water,  need 

of.  Michigan.  211. 
Laws  relating  to  underground  waters,  study 

of.  hy  I).  W.  Johnson.  679.  680. 
Laws  relating  to  underground  waters,  study 

of.  by  I'.  S.  Geological  Survey.  205. 
Leaching  by  underground  waters.     See  Un- 
derground waters,  work  of. 
Lignitic    group.     See    Underground    waters, 

occurrencp  of. 
Limestone.     See    Underground    waters,    oc- 
currence of. 
Limestone  caven.     See  Caves,  limestone. 
Lisbon    formation.     See    Underground    wa- 
ters, occurrence  of. 
Logan  sandstone.     See  Underground  waters, 

occurrence  of. 
Longmeadow   sandstone.     See   Underground 

waters,  occurrence  of. 
Lost  water. 

Diamond  drilling,  Missouri,  3.38. 
Wash  drllilnK.  Massachusetts.  80. 
Louisiana. 

Alraorption   of   water   by   porous   ))ed8. 

Artesian  retiuisites,  2.'>6. 
Artesian  waters,  occurrence  of,  256. 
Bibliographies     containing     references 
to  underground  waters,  44,  89,  071. 


Louisiana — Continued. 
Blowing  wells.  585. 
Brines,  256,  460,  514,  558, 672. 
Brines,  agency  In  fdrmation  of  oil  tad 

gaa  pools,  460. 
Mineral  aprings,  list  of,  671. 
Mineral  waters : 

Descriptions,  256. 
Production  and  ralue.  100, 527. 
Natural   mounds,  part  of  spring  wt- 

ters  in  formation  of,  073. 
Principal  publications : 

List  of  deep   borings   in   United 

States,  89. 
Underground    waters    of    eastern 

United  BUtes,  671. 
Underground  waters  of  northern 
Louisiana  and  sootham  Arkan- 
saa,672. 
Underground   watara  of  sovthem 
Loniaiana,  256. 
Seepage,  256. 
Underground  waters : 
Composition.  256. 
Infiltration  into  sewers,  263. 
Movementa,  256. 
Occurrence: 

Descriptions,  658. 
Formations : 

Bingen,  671, 672. 
Catahoula,  256, 671,  672. 
Cockfleld,  672. 
Grand  Gulf,  266,  672. 
Lafayette,  558. 
Natacoch,  671, 672. 
Sabine,  671, 672. 
Systems : 

Cretaceous,  671. 
Quaternary,  256. 
Tertiary.  256,  671,  672. 
Uses  of  underground  waters,  wells : 
Irrigation.  256.  558. 
Manufacturing  supplies,  256. 
Private  supplies.  256. 
I^ublic  supplies,  256. 
Wells : 

Artesian   wells,  descriptions,   256,> 

5.->8.  671,  672. 
Wells  in  general : 
Analyses,  256. 
Construction,  256. 
Descriptions.  89,  407. 
Discharge.  256. 
Fluctuation.  256. 
Occurrence  of  gas  in.  515. 
rumplnjr.  250.  558. 
Records.  71,  256.  407. 
statistics,  89,  256,  407. 

Louisiana  Purchase  Exposition,  mineral 
waters  at.  527. 

Lower   California,   sprinpi.  descriptions,   96. 

Lower  Helderberg  limestone.  See  Under- 
ground waters,  occurrence  of. 

Lower  Magnesian  limestone.  See  Under- 
ground waters,  occurrence  of. 
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M.  I 

adison   sandstone.     See   Underground   wa- 
ters, occurrence  of. 
agmatic   waters. 

Descriptions,  270,  271.  277,  619. 
Importance  of.  547,  549. 
Origin  of.  549. 
Work  of : 

Alteration,  Arizona,  7o. 
Formation  of  ore  deposits,  15,  278. 
General,  352,  405. 
igothy  formation.     See  Underground  wa 
ters,  occurrence  of. 

line. 

Artesian  water,  occurrence  of,  in  crys- 
talline roclcs.  611. 
Bibliography   containing   references   to 

underground  waters,  204. 
Mineral  springs,  descriptions  and  sta- 
tistics, 18. 
Mineral  waters,  production  and  value, 

100,  527. 
Principal  publications : 

List    of    deep    borings    in    United 

States,  89. 
Underground     waters    of    eastern 

United  States,  18. 
Water     resources    of    the     Ports- 
mouth-Yorlc  region.  New  Hamp- 
shire and  Maine.  608. 
Water  supply  from  glacial  gravels 
near  Augusta,  609. 
Springs : 

Analyses.  18. 
Contamination,  694. 
Statistics.  18. 
Underground  waters : 
Occurrence : 

Crystalline  rocks,  611. 
Drift,  008,  609. 
Relation  to  fissures.  611. 
Relation  to  Joints,  608. 
Uses  of  underground  waters  : 
Springs : 

Public  supplies,  609.  694. 
Resorts.  664. 
Wells,  public  supplies,  18. 
Wells : 

Artesian  wells : 

Conditions  necessary  for,  18. 
Contamination.  434,  694. 
Descriptions.  608. 
Discharge.  18. 
Distribution.  18. 
Wells  in  general  : 

Descriptions,  89,  407. 
Records.  407. 
Statistics.  80,  407. 
Malay  Peninsula,  deposits  of  springs,  687. 
Manafalia      formation.      See      Underground 

waters,  occurrence  of. 
Maquoketa     formation.      See     TTnderground 

waters,  occurrence  of. 
Marais  des   Cygnes   formation.     See   Under - 
inx>und  waters,  occurrence  of. 


Marshall  sandstone.     See  Underground  wa- 
ters, occurrence  of. 
Maryland. 

Artesian  well  prospects,  426. 
Bibliographies  containing  references  to 

underground  waters,  89,  91,  204. 
Mineral  waters,  production  and  value, 

100.  527. 
Principal  publications : 

List    of    deep    borings    In    United 

States,  89. 
Underground     waters    of    eastern 

United  States,  91. 
Water   resources   of   the   Accident 
and      GrantsvlUe      quadrangles, 
426. 
Water  resources  of  the  Frostburg 
and       Fllntstone      quadrangles, 
Maryland    and    West    Virginia, 
427. 
Water   resources   of   the    Pawpaw 
and  Hancock  quadrangles,  West- 
Virginia,    Maryland,    and   Penn- 
sylvania, 639. 
Springs : 

Mineral  springs,  list  of,  91. 
Springs  In  general : 
Descriptions,  91. 
Distribution,  426,  427. 
Statistics,  91. 
Underground  waters : 
Occurrence : 

Descriptions,  91,  639. 
Formations : 

Chesapeake,  91. 
Greenbriar,  426,  427. 
Magothy,  91. 
Pamunkey,  91. 
Potomac,  91. 
Severn,  91. 
Materials : 

Crystalline    rocks,  91. 
Sand,  91. 
Sandstone,  91. 
Shale,  91. 
Systems : 

Carboniferous,  91,  427. 
Cretaceous,  91. 
Tertiary,  91. 
Uses  of  underground  waters : 

Springs,   public  supplies,  427. 
Wells,  public  supplies,  91. 
Water  level,  relation  to  mines,  686. 
Well  prospects,  91,  426,  427. 
Wells : 

Artesian   wells,   descriptions,   427. 
Wells  In  general : 

Descriptions,  89,  91,  407. 
Records,  407. 
Statistics,  89,  91,  407. 
Massachusetts. 
j  Absorption  of  water  by  gravels,  80. 

I  Absorption  of  water  of  wash  drills,  80. 

;  Artesian     water,     occurrence    of,     de- 

I  scrlptlons,  79,  80. 

Bibliographies     containing     referencea 
I  to  undet%tou\id  -vwXfttfi,  1*^,  *ift^- 
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Massachusetts — Oontioued. 

Ix)st  water,  from  borings,  80. 
MfDeral   waters : 

Descriptions,  657. 
l*roduction  and  value,  100,  527. 
Ore  deposits,  part  of  underground  wa- 
ters In  formation  of,  111. 
l*ermeability  of  dikes,  151. 
Principal  publications : 

Drilled  wells  in  the  Triassic  area 

of  Connecticut  Valley,  545. 
List    of    deep    borings    in    United 

States,  89. 
Triassic  rocks  of  Connecticut  Val- 
ley as  a  source  of  water  supply, 
195. 
Underground    waters    of    eastern 

United  States,  79. 
Water    resources    of    the    Taconic 
quadrangle.    New    York,    Massa- 
chusetts, and  Vermont,  657. 
Water  supplv  from  the  delta  type 
of  sand  plain,  80. 
Springs : 

Mineral  springs : 

Descriptions,  657. 
List  of,  79. 
Springs    in    general,    relation    to 
faults,  657. 
Underground  waters : 
Composition,  195. 
Movement,  195. 
Occurrence : 

Descriptions,  79,  657. 
Formations,  Longmeadow,  195, 

545. 
Materials : 

Conglomerate,  79. 
Crystalline    rocks,  79. 
Diabase,  195. 
Drift,  79.  80.  536,  537. 
Limestone,  79. 
Metamorphic    rocks,    79. 
Quartzite,  79. 
Sandstone.  195. 
Shale,  195. 
Systems  : 

Cambrian,  79. 
Triassic,  70.  545. 
Work  of,   In  formation  of  natural 
bridges.  50. 
Uses  of  underground  waters: 
Springs  : 

Irrigation,  078. 
Resorls,  657. 
Wells  : 

Irrigation,  678. 
Manufacturing    supplies,    105, 

545. 
I*rlvate   supplies,  195,  545. 
Water  table : 

Description,  80. 
Fluctuation,  538. 
Wells  : 

Artesian  wells,  relation  to  faults. 
657. 


Massachusetts — Continued. 
Welis — Continued. 

Wells  in  general : 

Analyses,  195,  545. 
Descriptions,  80.  89,  407.545. 
Records,  407,  545. 
Statistics,  89,  407. 
Matawan  formation.     See  Underground  wa- 
ters, occurrence  of. 
Measurements  of  artesian  pressure,  190, 208. 
Measuremenu  of  discharge. 
Springs,  Montana,  11. 
Wells,  601.  653. 
Measurements  of  seepage. 
Montana,  11. 
Nebraska,  182. 
Wyoming,  181,  182. 
Measuremenu  of  underflow. 
Ariaona,  387. 
California,  140,  252.  602. 
New  York,  602. 
General,  312,  599. 

Work  of  C.  S.  Sllchter  on,  679,  680. 
Medicinal.     See  Uses  of  underground  waters. 
Medina    sandstone.     See    Underground   wa 

ters,  occurrence  of. 
Metamorphic   rocks.     See   Underground  wa 

ters,  occurrence  of. 
Metasomatosis,  part  of  underground  waters 
in— 

Arizona,  405. 
Arkansas,  684. 
General,  522. 
Meteoric  waters. 

Importance  of,  547,  549. 
Work  of  : 

Ore  deposition,  15. 
General,  352. 
Meter  for  measurement  of  underflow,  252, 

002. 
Mexico. 

Arsenic,    occurrence    in    spring    water, 

500. 

Fissures,  relation  to  springs,  714.  j 

Mine  waters,  analyses,  68.  1 

Ore  deposits,  part  of  underground  wa- 
ters  In    formation   of,   68,   269,  351. 
372,   516. 
Ore   deposits,    relation    to    spring   con- 
duits, 516. 
Springs,  contamination  of,  500. 
Underground  waters  : 
Circulation,  714. 
Occurrence  in  gravel,  714. 
Uses  of  underground  waters : 
luliltratlon  galleries,  177. 
Subterranean  streams,  177. 
WoIIs,  for  water  power,  177. 
Wells,  descriptions,  177,  714. 
Mica  dikes,  part  of  underground  waters  in 

formation  of.  63. 
Michigan. 

Absorption  of  water  of  ponds,  285. 
.Vbsorptlon  of  water  of  streams.  720. 
Artesian  ureas,  70. 
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;an — Continued. 

rteslan    flow,    unusual   types  of,    189, 
206. 

Ibllographles  containing  references  to 
underground   waters,  89,  202,  204. 
rines : 

Descriptions,  202,  381,  382. 
Ocurrence  of  bromine  in,  459. 
aves  containing  water,  342. 
orrosion  of  limestone  by  springs,  711. 
[)int8,    transmission    of    underground 

water  through,  206. 
aws  relating  to  underground  waters, 
need  of,  211. 
[ine  waters.  342,  392. 
[ineral  waters : 
Description,  202. 
Production  and  value,  100,  527. 
re  deposits,  part  of  underground  wa- 
ters in  formation  of,  391,  392. 
rlnclpal  publications  : 

Ground-water    problem    in    south- 
eastern Michigan,  209. 
List    of    deep    borings    in    lJnit€Hl 

States,  89. 
Underground     waters    of     eastern 

United  States,  402. 
Water  supply  of  the  lower  penin- 
sula of  Michigan.  70. 
r>lution  features,  367,  570,  571. 
prings : 

Mineral  springs,  list  of,  202. 
Springs  In  general  : 

Descriptions.  70.  720. 
Relation  to  faults,  720. 
ublucustrlne  springs,  711. 
nderground  waters : 
Circulation.  392. 
Composition,  126.  202. 
Occurrence : 

Descriptions,  .H92. 
Formations  : 
Berea,  202. 
Clinton,  202. 
Cold  water.  202. 
Dundee,  202.  209. 
Marshall,  146. 
Monroe,  209. 
Napoleon,  202. 
Parma,  202. 
Sallna.  202. 
Sylvan  In.  209. 
Trontou,  202. 
l'l)per  Marshall,  202. 
Materials,  saud,  1H9. 
Series  : 

Mkhlffnn,  2(>2. 
Travorso.  202. 
ses  of  underground  waters,  wells  : 
Private  supplies.  70. 
Public  supplies.  70.  160.  211. 
r'ater  table : 

Fluctuation,  209,  211. 
Uelatlon  to  ve^'etntlon.  410. 
'ells  : 

Artesian  wells  : 
Analyses,  7o. 
VescrlptloDs.  7o,  267. 


Michigan — Continued. 
Wells— Continued. 
Wells  In  general : 
Analyses,  146. 
Composition,  211. 
Descriptions,     89,     146,     169, 

211,267,407. 
Failure,  209,  211. 
Records,  70,  381,  407. 
Statistics,  89,  407. 
Mine  waters. 
Analyses : 

Mexico,  68. 

Nevada.  552,  554,  555. 
Pennsylvania,  341. 
Composition,  31. 
Descriptions  ; 

Coal  mines,  31. 
IMacer  mines,  Alaska,  44. 
Mines  In  general : 
Arizona,  405. 
Arkansas,  75. 
Australia,  406,  564. 
British  Columbia,  61. 
California,  45,  562. 
Colorado.  478,  483,  487. 
Georgia,  439,  684. 
Kansas,  615. 
Michigan,  342,  392. 
Minnesota,  392. 
Missouri,  339,  615. 
Nevada,    101,    102,    103,    104. 

464,  627. 
Nicaragua,  691. 
South  Dakota,  637. 
Tasmania,  124. 
Utah,  32,  35. 
Wisconsin,  392. 
Effect  on  metals,  Pennsylvania,  341. 
Interference  with  mining : 
California,  45. 
Michigan,  342. 
(Jeneral,  107. 
IVimping,  California,  45. 
Temperature : 

Nevada.  101.  102. 
(Jeneral,  481. 
Use  for  boilers.  Arkansas,  75. 
Mineral   waters. 
Analyses  : 

Cuba.  196. 
Pennsylvania,  58. 
Wyoming,  72. 
General,  72. 
Classiflcation,  257. 
Descriptions  and  lists  of : 
Alabama.  606. 
Arkansas,  542. 
Colorado,  87. 
Connecticut,  230. 
Cuba,  196. 
Florida,  201. 
(Jeorgia,  441. 
Illinois,  394. 
Indiana,  395. 
Iowa.  511.  706. 
Kansas.  87. 
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Mineral  waters — Continued. 

Descriptions  and  lists  of — Continued. 
Louisiana,  25U,  071. 
Maryland,  01. 
Massachusetts,  657. 
Michigan,  202. 
Minnesota,  248. 
Mississippi,  337. 
Missouri.  48,  592,  593. 
Montana,  627. 
Nevada,  627. 
New  Jersey,  303,  371. 
New  York,  089. 
North  Carolina,  2(M).  ' 

Ohio,  390. 

Pennsylvania,  58, 190. 
Philippine  Islands,  669. 
South  Carolina,  226. 
Tennessee,  227. 
Texas,  560. 
Vermont,  532. 
Virginia,  93. 
West  Virginia,  203. 
Wisconsin,  581. 
Exhibition  of,  at  St.  Louis  exposition, 

42,  527. 
Imports  and  exports,  527. 
Origin,  257. 

Production,  100,  527,  679,  080. 
Therapeutic  value,  700. 
Value,  100,  527,  679,  680. 
Minnekahta     limestone.      See     Underground 

waters,  occurrence  of. 
Minnelusa      formation.      See      Underground 

waters,  occurrence  of. 
Minnesota. 

Artesian  areas,  248. 
Artesian  conditions,  710. 
Artesian  water  maps,  710. 
Bil>n<));rapbies  containing  references  to 

underground   waters,  81).  204,  20S. 
Mineral  springs,  list  of  248. 
Mine  waters,  393. 
Mineral  waters  : 

Descriptions,  248. 

Ore  deposits,  part  of  underground 
waters  In  formation  of,  302.  71  (J, 
Principal  publications  : 

Cassellon-Fargo  folio.  247. 
Deep  wells  as  a  source  of  wa- 
ter   siipply    for    Minnesota, 
710. 
List  of  deep  lx)rlngs  In  l'nlt«'d 

States.  SO. 
Underground   waters  of  East- 
ern United   States,  248. 
Production  and  value.  1(M>.  .'>27. 
Seepage    of    underground    waters    Into 

sewage    tunnel,  1(57. 
Springs,   descriptions.  247,  248. 
Underground  waters  : 

Circulation,  248,  302. 
Occurrence- 
Descriptions,  302. 
Formations  : 

Dakota,  247. 
Hinckley.  710. 


Minnesota — Continued. 

Underground  waters — Continued. 
Occurrence — Continued. 

Formations — Continued. 
Jordan,  248,  710. 
New  Richmond,  248,  ' 
St.  Peters,  248,  710. 
Shakopee.  710. 
Materials : 

Drift,  247,  248,  710. 
Quicksand,  167. 
Systems : 

Cambrian,  248. 
Cretaceous,  247,  248. 
Ordovician,  248. 
Uses  of  underground  waters,  wells, 
public  and  private  supplies,  248.' 
Wells : 

Artesian  wells,  248. 
Wells  In  general : 
Capacity,  710. 
Composition,  710. 
Construction,  710. 
Cost,  710. 

Descriptions,  89.  248,  407. 
Records,  247,  407. 
Statistics.  89,  247.  407. 
Mississippi. 

Bibliographies     containing     refere 
to  underground  waters.  204,  337. 
Brines,  337. 
Mineral  springs,  337. 
Mineral  waters : 

Descriptions,  337. 
Production   and    value,  100,  5*2 
Principal  publications: 

List    of    deep    borings    in    Vi 

States,  80. 
Underground     waters    of    eas 

United  States,  337. 
T'nderground     waters    of    Ml 
Hlppl,  411. 
Underground  waters: 
Classlticatlon,  411. 
Composition,  411. 
Occurrence  : 

Descriptions,    411. 
Formations  : 

Piloxl,  337. 
Claiborne,   337. 
Futaw.  337. 
(J rand   (iulf,  337. 
llatcbetlgl)ee,  337. 
Uafayette,    337. 
Ulgnltlc,  337. 
Lisbon.    337. 
Manafalla,   337. 
Naheola,   337. 
Ponclinrtrain   clay,   i 
Uipley,  337. 
Sucarnocbee.   337. 
Tallabatta,   337. 
Tuscaloosa,   337. 
Materials,   bubrstone,   337 
Systems  : 

Carboniferous,   337. 
Cretaceous.   337. 
Tertiary,  337. 
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[ississippi — Continued. 
Wells : 

Artesian    wells,    descriptions,    77, 

266,337,411,594. 
Mineral  wells,  337. 
Wells  In  general : 
Analyses,  411. 
Descriptions,  89,  407,  411. 
Records,  407,  411. 
Statistics,  89,  407,411. 
liftsouri. 

Bibliographies     containing     references 

to   underground   waters,  204,  593. 
Deposits  In  caves,  566. 
Diamond  drilling,  difficulties  of,  338. 
Mine  waters.  339.  615. 
Mineral  waters : 

Descriptions.  593. 
Production    and   value,  100,  527. 
Ore    deposits,     part     of    underground 

waters  in  formation  of,  592. 
Principal  publications : 

List    of    deep    borings    In    United 

States,  89. 
Spring  system  of  the  Decaturville 

dome,  Camden   (^ounty.  592. 
Underground     waters    of    eastern 

United  States,  593. 
Water  resources  of  the  Joplin  dis- 
trict, Missouri-Kansas,  615. 
Radio  -  active     waters,     springs,     and 

wells,  578. 
Solution  features  : 

Caves,    limestone,    519,    520.    566, 

597. 
Sink   holes,  519.  566.  592. 
Subterranean    channels,     520, 566, 

592.  593,  597. 
Solution  features  In  general,  212. 
Springs :   . 

Mineral  springs  : 

Descriptions,  48,  592. 
List  of,  593. 
Radio-active  springs,  578. 
Springs  in  general  : 

Analyses,  409,  413,  520,  592, 

615. 
Descriptions,    272.    520,    566. 

577,  592.  593.  015. 
Discharge.  210.  272,  592. 
Relation   to  faults.  519,  615. 
Underground  waters  : 
Circulation,  502. 
Composition.  503.  520.  .')92.  593. 
Contamination,  519,  615. 
Occurrence  : 

Formations  : 

Burlington.  519.  593. 
Cherokee,  503. 
Chouteau.  520. 
Delthyrls.   50:i. 
Gasconade.  502,  593. 
Ounter.  503. 
Hannibal.  520.  503. 
Henrietta.  503. 
Mara  is  des  Cy^nes.  503. 
Pleasaiit<»n.  503. 
St.   Louis,   503. 


Missouri — Continued. 

Underground  waters — Continued. 
Occurrence — Continued. 

Formations — Continued. 
St.  Peters,  510,  503. 
Third  Magneslan,  592. 
Trenton,  593. 
Materials : 

Crystalline  rocks,  693. 
Drift,  593. 
Systems,  Devonian,  592. 
Purification  of,  603. 
Work  of: 

Formation  of  chert,  577. 
Formation  of  limestone  caves, 
692,  597. 
Uses  of  underground  waters : 
Springs : 

Public  supplies,  409,  610. 
Water  power.  566,  577. 
Wells,  general,  503,693. 
Wells : 

Artesian    wells,   descriptions,   502, 

593,  594. 
Radio-active  well  waters,  578. 
Wells  in  general : 

Analyses,  520,  577,  615,  618. 
Descriptions,  89,  407,  577,  678, 

592,  593. 
Pumping,  578. 
Records,  407,  577. 
Statistics,  89,  407. 
Monroe   sandstone.     See    Underground    wa- 
ters, occurrence  of. 
Montana. 

Artesian  water  maps,  94. 
Bibliography   containing   references   to 

underground  waters,  204. 
Deposits,  springs,  568,  687. 
Landslips,  part  of  underground  waters 

in  causation  of,  629. 
Mineral  waters : 

Occurrence,  627. 
Production  and  value,  100,  527. 
Ore  deposits,  part  of  underground  wa- 
ters In  formation  of.  105,  582,  627. 
Principal  publications  : 
Aladdin  folio,  94. 
List    of    deep    borings    In    United 
States,  89. 
Seepage,  measurement  of,  11. 
Springs : 

Thermal  springs,  descriptions,  627. 
Springs  in  general : 
Analyses,  687. 
Composition,  568. 
Discharge,  11. 
Underdrainage  of  alkali  lands,  698,  708. 
Underground  waters : 
Composition,  627. 
Occurrence : 

Formations : 
Dakota,  94. 
Deadwood,  94. 
Lakota,  94. 
Minnelusa,  94. 
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Montana — Continned. 

Undargroand  wateni — Continued. 
Temperature,  627. 
Work  of.  In  alteration  of  rock,  627. 
Uaes  of  underground  watera: 
Artealan  wella,  heating,  687. 
gprlnga,  tiathlng,  687. 
Wella,  Gondltlona  relatlre  to,  94.     ^ 
Deacrlpttona,  89, 407. 
Recorda,  407. 
BUtlatlca,  89,  407. 
Morocco. 

Brinea,  occurrence  In  wella,  179. 
Bprlnga,  acarclty  of,  179. 
Underground  watera,  quality  of,  170. 
Wella,  deacrlpttona,  179. 
Morrow  formatloa.    See  Underground  wa- 
tera, occurrence  of. 
Mound  aprlnga,  Utah,  84. 
Mounds  of  LouiaUna,  part  of  underground 

watera  In  formation  of,  67S. 
Movements  of  alkali  In  ground  watera,  447. 
Movements    of    underground    watera.     See 
Circulation    and    moTomenta    of    under- 
ground watera. 
Mud  Tolcanoea,  Nevada,  575. 


Hacatoch      Ibrmatlon.      See      Underground 

waters,  occurrence  of. 
Naheola  fbrmatlon.     See  Underground  wa- 
tera, occurrence  of. 
Napoleon      aandatone.      See      Underground 

waters,  occurrence  of. 
Nebraska. 

Artesian  condltlona,  87. 

Blbllograpbj   containing  references  to 

underground   waters,  80,  204. 
Blowing  wells,  585. 
Evaporation,     relation     to     flow     of 

springs,  412. 
Mineral  waters,  production  and  value. 

100,  627. 
Principal  publications: 

Geology    and    water    resources    of 

the  central  Great  Plains,  87. 
List    of   deep    borings    in    United 
States,  80. 
Return  seepage: 

LH>Kcriptions,  108,  661,  602. 
Itelation  to  water  rights,  445. 
Seepage    from    canals.    measuremeDts 

and  descriptions,  182. 
Seepage  waters,  relation  to  irrigation, 

429. 
SprinfTS,  fluctuations  of,  412. 
Undercrround  watera : 
Occurrence : 

Descriptions,  87,  420. 
Formations : 

Arikaree,  87. 
Chadron,  87. 
Dakota,  87. 
Ogalalla,  87. 
Systems : 

Cretaceous.  87. 
Tertiary,  87. 


Nebraska — Continued. 

Uses  of  underground  watera: 
Sprlnga,  irrlgatton,  SOS*  814. 
Wella,  irrigation,  640. 
Wella : 

Artealan  wella,  deaerlptlona,  87. 
Wella  In  general : 

DeacriptloBB,  89, 407. 640. 
Pumping,  640. 
Recorda,  87, 407. 
BUtlatlca,  87,  89,  407. 
Nevada. 

Absorption  of  atreama  by  deaert  lan 

186. 
Bibliography  containing  references 

underground  watera,  204. 
Depoelts,  springs,  399, 687. 
Fumarolea,  627. 
Mine  watera : 

Analyses,  552, 564, 566. 
Descriptiona,  101,   102,   103,  1 

464,  627. 
Pumping,  102, 464. 
Temperaturea,  102. 
Mineral  waters: 

Descriptions,  627. 
Production  and  value,  100,  527. 
Mud  volcanoes,  106, 475. 
Ore  deposits,  part  of  underground 
ters  In  formation  of,  106,  552,  .' 
555,  622,  624,  625,  627,  649. 
Porosity  of  rocks,  627. 
Principal  publication: 

List    of   deep   borlnga    In   Un 
States.  80. 
Solfataras.  106.  627. 
Solution  features,  627. 
Springs : 

Mineral  springs,  descriptions, 
I  040. 

I  Thermal  springs,  800.  627,  649 

Springs  in  general : 
Analyses,  390. 
jyescrlptions,  627. 
Discharge,  27.3. 
Temperature,  increase  with  depth. 
Underground  waters : 
Absence  of.  024. 
Clrculntlon.  024,  027. 
roniiK)»Itlon.  027. 
OccurrfUfo : 

Descriptiona,  25,  026,  627. 
(Jravol.  :«>0. 
Temperature,  627. 
Work  of : 

Alteration  of  rock,  024.  62' 

Decomposition  of  rock,  55i 

Sllicinciitlon  of  rock,  624. 

Uses  of  underground  waters,  wells 

Irrlpratloii.  i!.'. 

TuMlc  supplies.  020. 

Veins,  part  of  underjrround  water 

formation  of,  (524,  020. 
Wat<<l-  table,  depth,  471. 
Wells : 

Descriptions.  S!».  407. 
Records,  4<»7. 
Statistics,  89,  407. 
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lew  Brunswick,  cementation  of  rocks,  349. 
lew  Hampshire. 

Bibliography   containing   references    to 

underground  waters,  204. 
Mineral  springs,  list  of,  198. 
Mineral  waters,  production  and  value, 

100,  527. 
Principal    publications : 

List    of   deep    borings    in    United 

States,  89. 
Underground     waters    of    eastern 

United  States.  198. 
Water    resources     of    the    Ports- 
mouth-York region.  New  Hamp- 
shire and  Maine,  608. 
Underground  waters : 
Descriptions,  198. 
Occurrence : 
Drift,  608. 
Joints,  608. 
Purification,  693. 
Uses  of  underground  waters  : 

Springs,  private  supplies,  198. 
Wells : 

Manufacturing,  198. 
Resorts,  198. 
Wells : 

Artesian  wells,  descriptions,  608. 
Wells  in  general : 

Descriptions,  89,  407. 
Records,  407. 
Statistics,  89,  407. 
ew   Jersey. 

Bibliographies  containing  references  to 

underground    waters,  89,  204,  363. 
Cementation  of  rocks  by  underground 

waters,  349. 
Faults,    relation   to   occurrence   of   un- 
derground  waters,  363. 
Mineral  springs,  list  of,  363. 
Mineral   waters  : 

Descriptions,  371. 
Production  and  value,  100,  527. 
Porosity  of  sands,  368. 
Principal  publications : 

List    of    deep    borings    in    United 

States.  89. 
Underground     waters    of    eastern 

United  States.  363. 
Water    resources    of    central    and 
southwestern  Highlands  of  New 
Jersey,  371. 
Seepage,  371. 
Springs : 

Analyses,  371. 
Underground  waters : 
Circulation,  363. 
Composition,  371. 
Occurrence  : 

Formations : 

Chesapea^ke,  363. 
Chiy -mjul.  36.3. 
Cohansey,  363. 
Kirk  wood.  363. 
Ijowor  marl,  363. 
Matawan.  363. 
Middle  marl.  363. 


New  Jersey — Continued. 

Underground  waters — Continued. 
Occurrence — Continued. 

Formations — Continued. 
Rarltan.  363. 
Redbank,  363. 
Stockton  beds,  363. 
Materials : 

Crystalline   rocks,  363. 
Gravel,  171. 
Systems : 

Cretaceous,  363. 
Triasslc,  363. 
Uses  of  underground  waters: 

Springs,  public  supplies,  371. 
Wells : 

Factory  supplies,  149, 171. 
Irrigation,  492,  678. 
Public  supplies,  142,  363.  371, 
492,  674. 
Wells : 

Artesian   wells,   descriptions,   363, 

492. 
Wells  in  general : 
Analyses,  674. 
Descriptions,     89,     171,     369, 

407.  674. 
Discharge,  674. 
Pumping,  149. 
Records,  369,  407,  674. 
Statistics,  89,  363,  369,  407. 
New    Mexico. 

Artesian  basin,  304. 

Artesian  conditions,  304. 

Artesian  prospects,  354. 

Artesian  waters,  309. 

Bibliographies  containing  references  to 

underground  waters,  89.  204. 
Mineral  waters,  production  and  value, 

100,  527. 
Principal  publication . 

List    of    deep    borings    in    United 
States,  89. 
Springs,  agency  in  supply  of  lake,  85. 
Subsurface  dams.  245. 
Underflow.  245,  246. 
Underground  waters : 
Movements.  152. 
Occurrence : 

Descriptions.  304. 
Formations,  Red  Beds,  85,  354. 
Materials : 

Gravel,  354. 
Sandstone,  354. 
Systems : 

Cretaceous,  354. 
Wells : 

Descriptions.  89,  354,  407.  675. 
Pumping,  602. 
Records,  407. 
Statistics,  89,  304,  407. 
Temperatures,  675. 
New  Richmond  sandstone.     See  Underground 

waters,  occurrence  of. 
New  South  Wales. 

Artesian  areas,  535. 

Bibliography   containing   references   toj 
underground  waters,  536.  ™ 
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New  South  Wales — Continued. 
Cares,  limestone,  172. 
Underground  streams,  172. 
Use  of  artesian  wells  for  water  power, 
73. 
New  York. 

Artesian  basins  : 
Freevllle,  697. 
Ithaca,  607. 
Artesian  flows,  unusual  types  of,  189, 

266. 
Bibliographies  containing  references  to 

underground  waters,  89,  204,  689. 
Brines : 

Descriptions,  174,  697. 
Occurrence  of  bromine,  459. 
Cementation  of  rocks  by  underground 

waters,  249. 
Deposits,  springs,  281. 
Laws  relating  to  underground  waters, 

136,  143. 
Mineral  waters,  production  and  value, 

100,  527. 
Ore  deposits,  part  of  underground  wa- 
ters In  formation  of.  111. 
Principal  publications : 

Hydrology    of    the    State    of    New 

York,  546. 
List    of    deep    borings    In    United 

States,  89. 
New  artesian  well  supply  at  Ith- 
aca, 697. 
Underground    waters    of    Eastern 

United  States,  689. 
Water   resources   of   the   Fort   Tl- 
conderoga  quadrangle.   Vermont 
and  New  York,  8.3. 
Water    resources    of    the    Taconic 
quadrangle,    New    York,    Massa- 
chusetts, and  Vermont.  657. 
Water    resources    of    the    Watklns 
Glen  quadrangle,  O.'iO. 
Seepage  from  canal,  546. 
Seepage  from  reservoir,  143. 
Seepage    of    underground    waters    Into 

sewers,  268. 
Solution  features,  307. 
Springs  : 

Carbou    dioxide    springs,     descrip- 
tions, 401. 
Mineral  springs  : 

Descriptions,  350. 
List  of.  689. 
Statistics.  OSO. 
Thermal  springs.  089. 
Springs  In  general  : 
Analyses.  281. 
Pescrlptions,  83. 
Discharge.  281. 
T^nderflow,  measurement  of,  002. 
TTnderdralnage  of  buildings,  134. 
Underground  waters  : 

Composition.  31,  281,  050,  080,  002. 
Contamination,  303.  007. 
Occurrence  : 

Descriptions,  540,  057,  692. 


PT  York — Continued. 
Underground  waters — Continaed. 
Occurrence — Continued. 
F'ormations : 

Genesee,  356. 
Potsdam,  689. 
Trenton,  689. 
Joints,  192. 
Materials : 

Crystalline     rocks, 

689. 
Diabase,  689. 
Drift.  148,  157,  189, 

656,  689,  697. 
Shale,  356,  689. 
Systems : 

Cambrian,  689. 
Cretaceous,  689. 
Devonian,  356,  689. 
Ordovlcian,  689.       | 
Pre-Cambrian,  689. 
Silurian,  689. 
Triassic,  689. 
Work  of.  in  replacement,  616. 
Uses  of  underground  waters : 
Springs : 

Irrigation,  676. 
Medicinal.  689. 
Private  supplies,  689. 
Public     supplies,      159, 

689. 
Water  power,  689. 
Wells : 

Creameries,  689. 
Private  supplies,  689. 
Public     supplies.      157, 

224,  540,  656.  697. 
Pumping  oil  wells,  689. 
Sanitariums,  689. 
Water  table  : 
Depth,  17. 

Effect  of  sewage  disposal  on, 
Fluctuation,  135,  540. 
Noneffect    of    filtration    plan 

level  of,  ll'O. 
Nontluctuation  of,  17. 
Wells  : 

Artesian    wells,    descriptions, 

l).".*',.  OSO. 
Wells   in   Konoral  : 

Annlyscs.  540.  050.  097. 
Capacity.  007. 
Construction.  224. 
Containination.  0. 
CoHl,  224. 
Descriptions.    0,    82.    89, 

540.  OSO.  007. 
Disclinrirc.  050.  080,  007. 
Uocords.    102.    270,    280, 

407.  007. 
Statistics.  S9,  280,  407. 
Temperatures.  007. 
Wells,    interpretation   of  geology   1 
82. 
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ew  Zealand. 
Geysers,  343. 

Ore  deposits,  part  of  underground  wa- 
ters in  formation  of,  499. 
ewarlc  system.     See  Underground   waters, 
occurrence  of. 

iagara    limestone.     See    Underground    wa- 
ters, occurrence  of. 
icaragua. 

Mine  waters,  hot,  691. 
Sol  fata  ras,  691. 
orth   Carolina. 

Bibliographies     containing     references 
to  underground  waters,  89,  200,  204. 
I^w     regarding    pollution     of    under- 
ground waters,  510. 
Mineral  waters,  production  afid  value, 

100,  527. 
Ore  deposits,  part  of  underground  wa- 
ter in  formation  of,  539. 
Principal  publications : 

List    of    deep    borings    in    United 

States,  89. 
Underground     waters    of    eastern 

United  States,  200. 
Water  resources  of  the  Cowee  and 
Pisgah  quadrangles,  218. 
Sink  holes,  490. 
Springs : 

Mineral  springs : 

Descriptions,  218. 
List  of,  200. 
Springs  in  general : 

Descriptions,  218.  347. 
Relation  to  faults,  218. 
Underground  waters : 

Circulation,  347,  539. 

Occurrence  in  Potomac  formation, 

200. 
Work  of: 

Alteration  of  rock,  347,  539. 
Chloritlzation.  539. 
Decomposition,  347. 
Leaching.  5.39. 
Serpent inizat ion,  539. 
Uses    of    underground     waters,    wells, 

public  supplies.  442. 
Wells : 

Artesian  wells,  200. 
Wells  in  general  : 

Descriptions,  80,  407. 
Records.  407. 
StatisticH,  SO,  407. 
lorth  Dakota. 

Bibliography    contalnln>?    reteieuces    to 

underground    waters.  89,  204. 
Mineral   w^aters.  profl'ii'llon   and   value, 

100.  527. 
Principal    publications  : 

Castleton-Karj?o    folio.  247. 
List    of    doop    borings    In    United 
States,  89. 
Springs,   descriptions,  247.  701. 
Underground  waters  : 
Occurrence  : 

Dakota  sandstone,  247. 
Drift,  247. 


North  Dakota — Continued. 
Weils : 

Analyses,  370. 
Descriptions,  89.  407. 
Records,  247,  407. 
Statistics,  89,  247,  407. 


Gases,  part  of  underground  waters  in  for- 
mation of,  Sahara,  346. 
Ogalalla   formation.     See  Underground  wa- 
ters, occurrence  of. 
Ohio. 

Bibliographies  conta'oing  references  to 

underground  waters,  89,  204,  396. 
Brine  or  salt  springs,  descriptions,  30. 
Brines : 

Descriptions,  396. 
Occurrence  of   bromine   in,  469. 
Caves,  gypsum,  366,  367. 
FiltM-lng  gallery,  description,  231. 
Mineral  springs,  list  of,  396. 
Mineral  waters,  production  and  value,' 

100,  527. 
Principal  publications : 

List    of    deep    borings    in    United 

States,  89. 
Underground    waters    of    eastern 
United  States,  306. 
Springs,  descriptions,  396. 
Underground  waters : 
Composition,  306. 
Occurrence : 

Formations : 
Berea,  396. 
Clinton,  396. 
Corniferous,  896. 
Logan,  306. 
Niagara,  896. 
Onondaga,  396. 
Trenton,  396. 
Material,   drift,  306. 
System,   Carboniferous,  396. 
Uses    of    underground    waters,    wells, 

public  supplies,  231,  393. 
Well  prospects,  396. 
Wells : 

Artesian  wells,  396. 
Wells  in  general : 

Descriptions,  89,  407. 
Records,  39,  407. 
Statistics,  89,  407. 
Oil    pools,    relation    to    brines,    Texas    and 

Louisiana,  460. 
Oil   wells,   occurrence  of  underground   wa- 
ters in,  Colorado,  175. 
Oklahoma. 

Absorption  of  water  by  sands,  228a. 
Absorption  of  water  of  streams,  228a. 
Artesian   conditions,  228a. 
Bibliography   containing  references   to 

underground    waters,  204. 
Brine    springs,  326. 
Brines,  228a. 

Mineral  waters,  production  and  value, 
100, 527.  4 
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Oklahoma — Continued. 

Principal    pnblicatioiui : 

Geology   and   water   resources   of 

Oklahoma.  228a. 
List   of  deep   borings   in   United 
Slates,  89. 
Solution  fMtures : 

Caves,  gjpsum,  228a. 
Sink  holes,  228a. 
Springs : 

Mineral  springs,  228a. 
Springs  in  general : 

Analyses,  184.  228a. 
Classification.  228a. 
Descriptions,  228a. 
Underflow.  228a. 
Underground  waters : 
Composition.  228a. 
Occurrence: 

Descriptions.  228a. 
Formations : 

Arbuckle.  228a.   « 
BUM,  228a. 
Greer.  228a. 
Quartermaster,  228a. 
Bed  Beds.  228a. 
Whltebom,  228a. 
Materials: 

AlluTium,  228a. 
Conglomerate,  228a. 
Granite,  228a. 
Porphyry.  228a. 
Systems: 

Carboniferous.  228a. 
Cretaceous.  228a. 
Tertiary,  228a. 
Uses  of  underground  waters : 
Springs : 

Irrigation,  228a. 
Public  supplies,  228a. 
Wells,  Irrigation,  228a. 
Wells : 

Analysis,  184,  228a,  244. 
Contamination,  898. 
Descriptions,  89,  407. 
Records,  228a,  407. 
Statistics,  89,  228a,  407. 
Onandsga  limestone.     See  Underground  wa- 
ters, occurrence  of. 
Oneou    limestone.     See    Underground    wa- 
ters,  occurrence  of. 
Onurio,  ore  deposits,  part  of  underground 

waters  in  formation  of,  62,  270,  278. 
Ordovician   system.     See   Underground   wa- 
ters, occurrence  of. 
Ore  deposits: 

Occurrence  in  caverns,  Texas,  634. 
Part    of    geysers     in     formation     of, 

France.  684. 
Part  of  solfataric  waters  in  formation 

of,  Nevada,  106. 
Part  of  springs  in  formation  of — 
Georgia,  684. 
Mexico,  516. 
General,  684. 

I*art    of    underground    waters    in 
alteration  of,  617. 


Ore  deposits — Continued. 

Part  of  underground  waters'  In  for 
tlon  of — 
Alabama,  40, 49. 
Arlsona.  78.  401.  406. 
Arkansas,  684. 
British  Columbia,  S6. 
California,  288,  289, 64a 
Colorado,  117,  238,  827.  828, 4 

582,  628. 
Connecticut,  111. 
France,  684. 
Georgia,  684. 
Gold  Coast,  579. 
Illinois,  12, 18, 14. 
Kentucky,  14,  614. 
Massachusetts,  111. 
Mexico.  68.  269, 851,  872. 
Michigan,  891,  892. 
Minnesota.  391. 892. 716. 
Missouri,  592. 
Montana,  105, 582, 627. 
Nevada.   106.  552,  65S.  555.  • 

624,  625.  627,  649. 
New  York,  111. 
New  Zealand.  499. 
North  Carolina,  689. 
Ontario.  62.  276,  278. 
Rhodesia.  122. 
Spain,  232. 
Texas,  74. 
Transvaal,  259. 
Utah,  32,  33.  35. 
Wisconsin,  118,  391,  392. 
General,  15.  66,  109.  119. 123. 

352.    363,    374.    400,    477. 

517.  621,  626.  650,  623.  644. 

Oregon. 

Artesian  areas,  609. 
Artesian  conditions,  560. 
Ribliography   containing  reference 

underground  waters,  204. 
Mineral  waters,  production  and  v 

100, 627. 
Principal  publications : 

(icoloKy    and    water    resource 

central  Oregon,  660. 
LiHt    of    deep    borings    In    I'l 
StateH,  SO. 
SprinKif : 

Thermal   snrinpi.  r>«.iO. 
SpriuKH  In  general,  669. 
rudcrt?ronn(l  waters : 
Circulation,  6U1). 
Worlc  of,  in  induration,  660. 
Uses  of  undor^round  waters,  wells 
Irrigation.  609. 
J*rIvnto  Huppliofl.  600. 
Wells : 

Artesian  wells,    600. 
Horizontal   wells.  r>00. 
Wells  in  general  : 

I  »es(Tii)tions,  80.  407.  560. 
Records,  407.  569. 
Statistics.  80,  407. 
Organic  remains,  preservation  of,  by  ui 
ground  waters,  373. 
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riskany       sandstone.      See       rnderRround 
waters,  occurrence  of. 
trerdevelopment     of     underground     waters, 
I'allfornla.  161,  103. 

xidation.     See     Alteration ;      also     Under- 
j^n*ound  waters,  work  of. 

P. 

ihasapa   limestone.     See  Underground   wa- 
ters, occurrence  of. 

ftznunkey      formation.     See      Underground 
waters,  occurrence  of. 
irma    sandstone.     See    Underground     wa- 
ters, occurrence  of. 

Kgmatite,   part   of  underground    waters   in 
formation  of  Nortli  Carolina  and  Tennes- 
see, 347. 
ennsylvania. 

Artesian  conditions,  58. 
Bibliographies  containing  references  to 

underground  waters,  89,  199,  204. 
Brines : 

Descriptions,  199. 
Occurrence  of  bromine  in,  459. 
Cementation    by    underground    waters, 

349. 
Failure  of  springs  and  wells,  504. 
Mine  waters,  analyses,  341. 
Mineral  waters,  production  and  value, 

100,  527. 
Principal  publications : 

List    of    deep    borings    in    United 

States.  89. 
Underground     waters    of    eastern 

United   States,  199. 
Water  resources  of  the  Chambers- 
burg  and  Merceraburg  quadran- 
gles, 038. 
Water   resources  of  the   Curwens- 
ville.     Patton,     Ebensburg,     and 
Barnesboro  quadra nglos,  58. 
Water     resources    of    the    Elders 

Ridge  quadrangle,  035. 
Water    resources    of    the    Pawpaw 
and  Hancock  quadrangles.  West 
Virginia,    Maryland,    and    Penn- 
sylvania, 639. 
Water    resources    of    the    Waynes- 
burg  quadrangle,  030. 
Seepage    of    underground    waters    into 

sewers,  208. 
Springs : 

Mineral  springs  : 
Analyses,  58. 
Descriptions,  58. 
List  of.  199. 
Springs  In  general : 

Descriptions,    033,    034,    035. 
030.  038. 
Underground  waters : 

Artificial  storage  of,  498. 
Circulation,  199. 
Composition.  199. 
Occurrence : 

Descriptions,  208,  039. 


Pennsylvania — Continued. 

l.'nderground  waters — Continued. 
Occurrence — Continued. 

Formations  and  members : 
Lower  Helderberg,  199. 
Mahoning  sandstone,  634. 

635. 
Medina,  199. 
Oriskany,  199. 
I'ittsburg    sandstone,  634, 

635. 
Trenton.  199. 
Upper    W^ashington   lime- 
stone, 636. 
Materials : 

Crystalline  rocks,  199. 
Drift,  199,  635,  636. 
Limestone,  199,  638, 
Sandstone,  638. 
Uses  of  underground  waters : 
Springs : 

Private  supplies,  638. 
Public  supplies,  58,  638. 
Resorts,  638,  664, 
Wells,  public  supplies.  58.  632,  635, 
630. 
Wells : 

Artesian  wells,  descriptions,  58, 
Wells  in  general : 

Contamination,  434. 
Descriptions,     89,    407,     462, 

633,  636. 
Distribution,  199. 
Fluctuation  of  water,  222. 
Records,  407,  632,  633. 
Statistics,  89,  407. 
Pentremital     limestone.     See     Underground 

waters,  occurrence  of. 
Percolation.     See  Seepage. 
Permeability. 

Artificial  dikes,  Massachusetts,  151. 
Rocks : 

Colorado,  46. 
General,  197. 
Sands,  New  Jersey,  368. 
Persia. 

Absorption  of  water  by  gravels,  301. 
Absorption  of  water  of  streams,  301. 
Brines,  301. 
Uses  of  underground  waters  : 

Drainage  tunnels,  irrigation,  301. 
Springs,  irrigation,  301, 
Wells,  descriptions,  298. 
Peru. 

Bureau  of  underground  waters,  584. 
Deposits,  springs.  430. 
Thermal  springs.  430. 
Philippine  Islands. 

Infiltration  of  underground  waters  into 

sewers,  153,  302. 
Mineral  waters,  general,  660. 
Solfataras,  609. 
Springs : 

Mineral  springs,  669. 
Thermal  springs,  669. 
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Philippine  Islands — Continued. 
Springs — Continued. 
Springs  in  general : 

Relation    to    geologic    struc- 
ture, 669. 
Temperature,  669. 
Underground  waters,  work  of,  669. 
Uses  of  underground  waters,  springs : 
Medicinal.  660. 
Public  supplies,  631. 
Volcanic  water,  669. 
Pitch  aprings,  Utah,  34. 
Pitkin  limestone.     See  Underground  waters, 

occurrence  of. 
Pittsburg  sandstone.     See  Underground  wa- 
ters, occurrence  of. 
PUtteville  limestone.     See  Underground  wa- 
ters, occurrence  of. 
Pleasanton     formation.     See     Underground 

waters,  occurrence  of. 
Pleistocene.     See    Underground    waters,    oc- 
currence   of,    materials,    drift ;  and    Sys- 
tems, Quaternary. 
Pollution     of     underground     waters.      See 

Contamination. 
Pontchartrain    clay.     See    Underground    wa- 
ters, occurrence  of. 
Porosity. 

Rocks,  Nevada,  627. 
Sands,  New  Jersey,  368. 
Soils,  360. 

Stream  deposits,  California,  252. 
General,  441. 
Porphyry.     See  Underground  waters,  occur- 
rence of. 
Porters  Creek  clay.     See   Underground   wa- 
ters, occurrence  of. 
Potomac   formation.     See  Underground   wa- 
ters, occurrence  of. 
Potsdam  sandstone.     See  TJnderground   wa- 
ters, occurrence  of. 
Power.     See  Uses  of  underground  waters. 
Pressure,  atmospheric,  effect  on  water  level 

In  wells,  585. 
Production  of  mineral  waters.     See  Mineral 

waters,  production. 
Public   supplies.     See  Uses  of  underground 

waterB. 
Publications  relating  to  underground  waters. 

See  Bibliographies. 
Pumping  and  other  methods  of  lifting  wa- 
ter. 

Mine  waters  : 

California.  45. 

Nevada,  101,  102,  10.3,  104,  464. 
Wells  : 

Cost: 

Arizona.  387. 
Texas,  603,  718. 
Descriptions  : 

Arizona,  387. 

Arkansas.  652. 

California,  1.33,  150,  3«3.  3S4. 

452,  4.53.  454.  502,  698. 
China,  5. 

Colorado,  640,  602. 
jniDolB,  430,  437. 


Pumping  and  other  methods  of  liftli 
ter — (Continued. 
Wells — Continued. 

Descriptions — Continued. 
Kansas,  640,  662,  719. 
Louisiana.  558. 
Missouri,  578. 
Nebraska,  640. 
New  Jersey,  149. 
New  Mexico,  602,  676. 
Sahara,  345. 
Tennessee,  145. 
Texas,  36,  315.  325,  60: 

651,  662. 
General,  173,  317,  662,  7 
Methods  : 

Compressed     air.     Call 

16,  65. 
Windmills,  Texas,  81. 
General  : 

California,  178. 
Kansas.  254. 
Louisana.  256. 
General,  709. 
Underground  waters  in  general : 
Effect  on  level  of  water  table 
Australia,  406. 
California,  178. 
Kansas,  125. 
Michigan,  146. 
Purification  of  spring  water  by  copp« 

phate.  4. 
Purification   of   underground    waters, 
Germany.  590. 
Missouri,  50,3. 
New  Hampshire.  693. 
Pyrite   deposits,    relation   to   composlt 
underground  waters.  North  Carollni 


Quality  of  underground   waters.     Sec 

position  or  quality. 
Quarry  waters. 

Connecticut.  105,  545. 
(JeorKia,  084. 
Quarrying,    effect    on    flow    of    wells, 

gan,  200. 
Quartermaster  formation.      See  Underj 

waters,  occurrence  of. 
Quartz   veins,    part    of   underground 

In  formation  of,  470. 
Quartzite.     See    rndcrpround   waters, 

re  nee  of. 
Quaternary    system.      See    ITndergrouc 

ters,  occurrence  of. 
Quebec.        T'se      of      underground       \ 

springs,  puljlic  supi)lles,  .332. 
Queensland. 

Uses   of   underground   waters,    ai 
wells  : 

Trri^'atlon,  404. 
Water   power.  7.3. 
Wells  : 

Dlschnrue.  242. 
Statistics,  242. 
Quicksand.     See  I'uder^'round  waters, 
i-eu<'e  of,  materials,  drift,  and  sand 
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live  gases  In  mineral  springs,  589. 

tive  waters. 

inecticut,  230. 

isouri,  578. 

In  spring  deposits.  Colorado,  246. 

ect  on  flow  of  wells,  Michigan,  209, 

111. 

ect  on  level  of  water  table,  Massa- 

husetts,  151. 

atlon  of  underground  waters  to,  197. 

water.     See   pumping. 

formation.     See    Underground    wa- 
KTCurrence  of. 

tion  fund,   use  for  construction   of 
an  wells,  501. 

ition  Service,  work  on  underground 
«,  680. 

lis  and  borings : 
Collection  of,  by  U.  S.  Geological 

Survey,  193.  680. 
Importance  and  value  of,  193, 195, 

439. 
Methods  of  keeping,  596. 
References  to,  89. 
Localities : 

Alabama,  49,  407. 

Alaska.  424,  425. 

Arizona,  407. 

Arkansas,  407. 

Brazil.  41. 

British  Columbia,  114. 

California,  252,  407,  455. 

Colorado,  87,  407. 

Connecticut,  407,  545. 

Cuba,  196. 

Delaware,  407. 

District  of  Columbia,  407. 

Florida,  407. 

Georgia,  407,  439. 

Idaho,  407. 

Illinois,  12,  407. 

Indian  Territory,  407. 

Indiana,  27,  28.  37,  362,  407. 

Iowa,  407,  417.  667,  706. 

Kansas,  87,  407. 

Kentucky,  407. 

Louisiana,  71,  256.  407. 

Maine,  407. 

Maryland.  407. 

Massachusetts,  407.  545. 

Michigan.  70.  381.  407. 

Minnesota.  247.  407. 

Mississippi,  77,  407,411. 

Missouri.  407.  577. 

Montana,  407. 

Nebraska.  87.  407. 

Nevada.  407. 

New  Hampshire,  407. 

New  .Tersoy.  IW.),  407.  674. 

New  Mi'xU'o.  407. 

New  York.   102.   270.  2S0,  355. 
407.  007. 

North  Carolina,  407, 


Records — Continued. 

Wells  and  borings — Continued. 
Localities — Continued. 

North    Dakota,  247,  407. 
Ohio,  39,  407. 
Oklahoma,  228a,  407. 
Oregon,  407,  569. 
Pennsylvania,  407,  632,  633. 
Rhode  Island,  407. 
South  Carolina,  407. 
South   Dakota,  87,407. 
Tennessee,  407. 
Texas,  36,  407,  559. 
Utah,  34,  407. 
Vermont,  407. 
Virginia,  40T. 
Washington,  6,  407. 
West  Virginia,  407. 
Wisconsin,  407. 
Wyoming,  87.  407. 
Redbank  formation.     See  Underground  wa- 
ters, occurrence  of. 
Relation  of  underground  waters  to  flow  of 

streams,  38. 
Replacement,    part    of    underground    waters 

in,  517,  616. 
Resorts.     See  Uses  of  underground  waters. 
Return  seepage. 
Descriptions : 

California,  178,  455. 
Colorado,  661,  662. 
Nebraska,  168,  661,  662. 
Wyoming,  662. 
Relation  to  water  rights,  Colorado  and 
Nebraska,  445. 
Rhode  Island. 

Bibliographies  containing  references  to 

underground  waters,  79,  204. 
Mineral  springs,  list  of,  79. 
Mineral  waters,  production  and  value, 

100,  527. 
Principal  publications : 

List    of    deep    borings    in    United 

States,  89. 
Underground    waters    of    eastern 
United   States,  79. 
Underground  waters,  occurrence  of: 
Conglomerate,   79. 
Drift,  79. 
Wells : 

Descriptions,  89,  407. 
Records,  407. 
Statistics.  89,  407. 
Rhodesia,  ore  deposits,  part  of  underground 

waters  in  formation  of,  122. 
Ripley    formation.     See    Underground    wa- 
ters, occurrence  of. 
Russia,  brines,  occurrence  in  oil  wells,  514. 


S. 


Sabine    formation.     See    Underground    wa 

ters,  occurrence  of. 
Sahara. 

Artesian  boring,  history,  346. 

Underground  streams,  346. 

Underground   wat^w,  «.'a».V5W»>'3»Vbx 
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Sahara — Continued. 

Uses  of  underground  waters : 

Underground    streams,    in    forma- 
tion of  oases,  346. 
Wells,  Irrigation,  528. 
Wells : 

Construction,  346. 
Descriptions,  345,  346.  528. 
Raising  water.  345. 
St.  Louis  formation.     See  Underground  wa- 
ters,  occurrence  of. 
St.     Peters    sandstone.      See    Underground 

waters,  occurrence  of. 
Salina  formation.     See  Underground  waters, 

occurrence  of. 
Salt  springs.     See  Brine  spr'^-ni. 
Salt  waters.     See  Brines. 
Samples  from  wells,  collection*  of,  by  U.  S. 

Geological  Survey,  193,  670,  680. 
Sand.      See     Underground     waters,     occur- 
rence of. 
Sand-dunes,  occurrence  of  underground  wa- 
ters in,  Holland,  431. 
Sandstone.     See  Underground  waters,  occur- 
rence of. 
Schistose  plains,   relation   to  circulation   of 
underground  waters,  North  Carolina  and 
Tennessee,  347. 
Screens,  use  of,  in  wells,  Louisiana,  256. 
Sea  mills  of  Cepbalonla,  431,  433. 
Seepage. 

Effect  on  stream  flow,  243. 
Injurious  effects : 
Arizona,  385. 
California,  284,  383. 
General,  698. 
Measurements  of : 
Montana.  11. 
Nebraska,  182. 
Wyoming,  181,  182. 
Relation  to  irrigation  : 
Colorado,  282. 
Nebraslca,  429. 
Relation  to  raining  operations,  107. 
Relation    to    water    table,    California, 

.^83. 
General  discussions  : 
Alaska,  425. 
Arizona,  283. 
California.  26,  283.  384. 
Louisiana,  256. 
Nebraska.  429. 
New  Jersey.  :i71. 
Turkestan.  97. 
T^tab,  574. 
Wasblnpton,  379. 
General.  3,  197,  38S. 
Seepage  from  canals  and  Irrigation  ditches. 
California,  563. 
Idaho,  84. 
Italy,  444. 
Nebraska.  182. 
New  York,  546. 
Washington.  681. 
Wyoming,  181,  182. 
General,  662. 


Seepage  from  canals,  law  relating  to,  Wyo- 
ming, 164. 
Seepage  from  reserroir. 
New  York.  143. 
Wyoming.  703. 
Seepage  Investigations,  Arixona,  273. 
Seepage  of  underground  waters  into  sewen:. 
See    Infiltration   of   underground  waters 
Into  sewers. 
Seepage,  return.     See  Return  seepage. 
Serpentinization,    part    of    underground  wa- 
ters in.  North  Carolina,  539. 
Severn    formation.     See    Underground    wi- 

ters,  occurrence  of. 
Shakopee    fissured    limestone.     See    Under- 
ground waters,  occurrence  of. 
Shale.     See     Underground     waters,     occur- 
rence of. 
Silicification   of   rock,   part  of  undergrooad 
waters  In — 
California,  648. 
Nevada,  624. 
Silurian  systems.     See  Underground  waters, 

occurrence  of. 
Sink   holes.     See   Solution   features. 
Sinter.     See  Deposits,  springs. 
Softening  of  well  waters,  Iowa,  365. 
Solfataras. 

Nevada,  627. 
Nicaragua,  691. 
Philippine  Islands,  669. 
Solfauric  waters,  work  of,  in  formation  of 

ore  deposits,  Nevada,  106. 
Solution  features. 
Caves : 

Gypsum  caves : 

Ohio,  366,  367. 
Oklahoma,  228a. 
Texas,  559.  560. 
Ice  caves,  588. 
Limestone  caves : 
Belgium,  180. 
Bermuda  Islands,  22,  422. 
British  Columbia,  217. 
Cuba,  196. 
Florida,  112,  556. 
(leorgla,  440. 
Kentucky,  289,  557. 
Missouri,  519,  520.  566.  597. 
New  South  Wales,  172. 
Texas,  559,  560. 
Sink  holes  : 

Bermuda  Islands,  22.  422. 
Florida,  'utd. 
Georgia.  11 C. 
Kentucky,  .':57.  614,  668. 
Missouri,  nro.  566,592. 
North  Carolina.  496. 
Oklahoma,  228a. 
South  DnkUa,  551. 
Tennessee,  i06. 
Solution  features  In  general : 
Alabama.  COG. 
Arkansas.  r>A2. 
Florida.  2C  I. 
Georgia,  439,  441. 


IN    UNITED   STATES   IN    1905. 


113 


Dlution  features — Continued. 

Solution  features  In  general — Cont'd. 
Illinois,  12,  13. 
Indiana,  385. 
Kentucky,  557. 
Michigan.  367.  570,  571. 
Missouri,  593. 
Nevada,  627. 
New  York.  367. 
Ohio.  366,  367. 
South  Dakota,  551. 
Spain.  571. 
Virginia,  571. 
olution    features,    deposition    of    ores    in, 
Illinois,  12. 

olution  of  salt  beds.  Arizona.  90. 
our  waters,  Texas.  176. 
outh  Africa,  need  of  wells,  403. 
outh  Australia,  wells,  descriptions,  130. 
outh  Carolina. 

Artesian  waters,  226. 

Bibliographies  containing  references  to 

underground  waters,  80.  204,  226. 
Brines,  226. 
Mineral  waters,  production  and  value, 

100.  527. 
rrlnclpal  publications : 

List    of    deep    lK>ringH    In    United 

States,  89. 
Underground     waters     of    eastern 
United  States,  226. 
Springs,  descriptions.  226. 
Underground  waters : 
Contamination,  ^^6. 
Composition.  226. 
Circulation.  226. 
Occurrence : 

Descriptions,  21. 
Formations : 

Columblo,   226. 
Lafayette,  226. 
Potomac,  226. 
Materials : 

Buhrstone,  226. 
Crystalline  rocks,  226. 
DIorlte.  226. 
Granite,  226. 
Sandstone,  226. 
Systems  : 

Cretaceous.  226. 
Newark,  226. 
Tertiary,  226. 
Temperature,  226. 
Uses  of  underground  waters  : 

Springs,  private  supplies.  226. 
Wells,  public  supplies.  226. 
Wells : 

Artesian  wells,  de.scrlptlons.  21. 
W^ells  In  general  : 

Descriptions,   SO,   220,  407. 
Records,  -107. 
Statistics.   80,  226.  407. 
outh  DakoU. 

Artesian  conditions.  86.  87. 
Artesian  water  map,  04. 

IKR  16:1—06 8 


South  DakoU — Continued. 

Bibliography   containing  references   to 

underground  waters,  89,  204. 
Mine  waters,  637. 
Mineral  waters,  production  and  value, 

100,  527. 
Principal  publications : 
Aladdin  folio,  94. 
Geology    and    water    resources   of 

the  central  Great  Plains,  87. 
List   of   deep    borings    In    United 

States.  89. 
Sundance  folio,  86. 
Sink  holes.  551. 
Springs : 

Co||;|posltlon,  551. 
D^'- 'Iptlons.  86. 
Undergi-ound  waters : 
Occurrence : 

Descriptions,  87. 
Formations : 

Chadron,  87. 
Dakota,  86,  87,  94. 
Deadwood,  86,  94. 
Lakota.  86,  94. 
MInnekahta,  86. 
MInnelusa,  86,  87,  94. 
Pahasapa,     86,     87,     94, 
551. 
Systems : 

Carboniferous,  87. 
Cretaceous,  87. 
Tertiary,  87,  551. 
Uses  of  underground  waters: 
Tunnels,  mill  supply,  474. 
Wells,  Irrigation,  311. 
Wells : 

Artesian    wells,    descriptions,    87, 

431. 
Wells  in  general : 

Composition,  551. 
Conditions  relative  to,  94. 
Descriptions,  89,  407. 
Records,  87,  407. 
Statistics,  87,  89,  407. 
Spain. 

Ore    deposits,     part    of     underground 

waters  in  formation  of,  232. 
Solution  features,  571. 
Spring  and   gas-vent   theory    regarding  orl 

gin  of  natural  mounds,  Louisiana,  673. 
Spring  conduits,  deposition  of  ores  in,  Mex- 
ico. 516. 
Spring  waters,  thermal,  magmatlc  origin  of, 

276. 
Springs,    analyses.     See    Analyses,    springs. 
Springs,  artificial  stoppage  of,  Egypt,  144. 
Springs. 

Classification : 

Oklahoma,  228a. 
General,  257. 
Construction  : 

Fountain  or   geyser  springs,   207, 

213. 
Intermittent  springs.  207. 
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Springs — Continued. 

Composition.     See  Composition,  springs. 
Contamination.       See     Contamination, 

springs. 
Deposits.     See  Deposits,  springs. 
Descriptions  and  statistics : 

Cavern  -Springs,  Georgia.  439,  684. 
Fissure  springs,  Idaho,  306. 
Gas  springs : 
Alaska,  424. 
Texas,  176. 
Washington,  379. 
Mineral  springs,   types : 
Brine  or  salt  springs : 

Arizona,  90. 

Arlcansas.  647. 

Indian   Territory,  647. 

Kansas,  87. 

Ohio,  39. 

Oklahoma,  226,  228a. 

Philippine  Islands,  669. 

Utah,  420. 

Wyoming.  87. 
Carbonate  springs : 

New  York,  491. 

North  Carolina,  218. 
Chalybeate  springs : 

Georgia,  439. 
North  Carolina,  218. 
Oil  springs : 

Alaska,  424. 

Utah,  420. 
Pitch  springs,  Utah,  34. 
Siliceous    springs,     I*hilippine 

Islands,  669. 
Sulphur  springs  : 

Arkansas.  543,  647. 

Florida.  201. 

Indian  Territory,  647. 

New  York.  3r)6.  689. 

North  Carolina,  218. 

Oklahoma,  228a. 

Philippine  Islands,  660. 
Tar  springs,  Texas.  176. 
Mineral  springs  In  general  : 

Alabama,  606. 

Arizona,  -102. 

Arkansas,  r>42. 

California.  6S2. 

ConnecticMit,  2^0. 

Cuba,  196. 

District   of  Coliiinhla,   02. 

Florida,  201. 

GeorKia.  420.  441. 

Illinois.  .304. 

Indiana.  305. 

Iowa.  511. 

Kentucky,  227. 

LouLsiana.  671. 

Maine.  18. 

Maryland,  91. 

Massachusetts,  70,  657. 

MIchl;,'an,  202. 

Minnesota,  248. 

Mississippi,  337. 

Missouri,  503. 

Nevada,  627.  640. 

New  Hampshire,  198. 


Springs — Continued. 

Descriptions  and  statistics — CoDt'( 
Mineral  springs,  types — Cont't 
Mineral   springs   in   gener 
Continued. 

New  Jersey,  363.371 

New  York,  356,491.6 

North  Carolina,  200. 

Ohio.  396. 

Pennsylvania,  199. 

Philippine  Islands,  6 

Rhode  Island.  79. 

South  Carolina,  226. 

Tennessee,  227. 

Vermont,  532. 

West  Virginia.  203. 

Wisconsin.  581. 
Mound  springs,  Utah,  34. 
Submarine    springs.     See    Su 

rine  springs. 
Thermal  springs : 

Arizona.  330.  403. 
Arkansas,  688. 
Georgia,  688. 
Idaho,  300. 
Montana,  627. 
Nevada,  399,  627,  649. 
New  York,  689. 
Oregon,  569. 
Peru,  430. 

Philippine  Islands,  669. 
Southern  United  States,  < 
Utah,  52. 
Virginia,  93,  497. 
Washington,  51. 
West  Virginia.  203. 
Windward  Islands,  271. 
Sprlujjs  in  general  : 
Alabama,  49,  250. 
Arizona,  405. 
Arkansas,  2,  210,  542.  543 
California,  69,  96,  473,  64 
China,  290. 
Colorado,  87.  264,  377. 
Cuba,  106. 
K^ypt.  144. 
(ieorgia.  249. 
(Jerinany,   43. 
Idahi).  84.  ;U)6. 
Indiana,  20. 
Kansas.   421.  61.5. 
Kent  inky.  7. 
Korea.   207. 
Maine.  IS. 
Maryland,  01. 
Ml<hi>,'an,   720. 
Miiine.-^ota.  247. 
Mississippi.  337. 
Missouri.    210,    272.    520, 

577.  502.  593.  615. 
Nevada.  (527. 
New   Me.xico.  85. 
New  York,  H'A. 
N(.rtli   Carolina,  218,  347. 
N(.rili  Dakota.  247.  701. 
oklaiionia.  22Ha. 
OicLToii.  560. 
IVnnsylvanla.  58,  638. 
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;>rings — Continued. 

I>escriptlon8~and  statistics — Cont'd. 
^     Springs  in  general — Continued. 
Soutli  Dakota,  86. 
Southern  Appalachians,  540. 
Tennessee,  227,  347. 
Texas,  36,  81,  137,  573,  660. 
Turkestan,  300. 
Utah,  32,  52,  98. 
Vermont,  83. 
Virginia,  93,  378. 
Washington,  379. 
West  Virginia.  8,  639. 
Wisconsin,  229. 
Wyoming,  86. 
Discharge.     See  Discharge,  springs. 
Discharge    of    sand    and    gravel    from, 

594. 
Distribution  : 

Arizona,  403. 
California,  331. 
Indiana,  395. 
Iowa,  706. 
Maryland,  426,  427. 
West  Virginia,  427. 
Origin  : 

Arkansas,  684. 
California,  331. 
Idaho,  84. 
General,  470. 
Purification,  4. 
Radio-active  properties : 
Arkansas.  29. 
Missouri,  578. 
(Jeneral,  589. 
Relation  to  dikes,  Colorado,  375. 
Relation  to  faults : 
Colorado,  463. 
Connecticut,  230. 
Kansas.  615. 
Massachusetts,  657. 
Michigan,  720. 
Missouri,  615. 
North  Carolina,  218. 
Wyoming,  72. 
Relation  of  fissures : 
Mexico,  714. 
General,  687. 
Temperature : 

Arkansas,  29. 
Virginia,  497. 
Uses.     See  Uses  of  underground  waters, 

springs. 
Work  of : 

Cementation    of    congloraerato,  In- 
diana, 461. 
Formation  of  ore  deposits  : 
Franco,  084. 
Georgia.  684. 
General.  521. 
General  papers : 

Algous  growth   In,   work  of  W.  A. 

Setchell  on,  070. 
Economic  value  of.  (iermnny,  43. 
Effect  on  ve^'etation.  Indiana,  461. 
Effect  of  artesian   wells.  Texas.  50. 
Effect  on  health,  Arkansas,  490. 


Springs — Continued. 

General  papers — Continued. 
Failure  of.  general,  696. 
Folios  relating  to,  262. 
Geology  of: 

Arkansas,  688. 
rhilippine  Islands,  669. 
General,  24,  213. 
Influence  on  underground  temper- 
ature, 443. 
Laws  regarding  pollution  of: 
North  Carolina,  510. 
General,  23,  228. 
Relation  to  forests,  Southern  Ap- 
palachians, 540. 
General  discussion  of,  197,  257. 
Springs  in  mining  districts,  500. 
Statistics. 

Discharge.     See  Discharge. 
Mineral    water    production    and    value. 
See  Mineral  waters,  production  and 
value. 
Springs.     See  Springs. 
Wells.     See  Wells. 
Stockbridge     dolomite.      See     Underground 

waters,  occurrence  of. 
Stockton    beds.     See    Underground    waters, 

occurrence  of. 
Storage  of  underground  waters  by  forests, 

709. 
Stovepipe  method  of  well  construction,  364, 

600,  602. 
Streams,     underground.      See    Underground 

streams  and  channels.  ^ 

Structures. 

Infiltration  or  collecting  galleries: 
France,  225. 
Mexico,  177. 
Ohio,  231. 
Wyoming,  703. 
General.  223. 
Collecting  tunnels,  California,  408. 
Subsurface  dams : 
California,  60. 
New  Mexico,  245. 
Wyoming,  703. 
I   Subirrigation,   injurious  effect  of,   Colorado, 
I        698. 
Subiacustrine  springs,  Michigan,  711. 
Submarine  springs : 
Cuba,  196,  275. 
Florida,  275.  431. 
Hawaiian  Islands.  275. 
Subterranean     streams.      See     Underground 

streams. 
Sucamochee    formation.     See    Underground 

waters,  occurrence  of. 
Sundance  formation.     See  Underground  wa- 
ters, occurrence  of. 
Switzerland. 

Thermal  waters  in  the  SImplon  tunnel, 
47.  66.  67,   120,   127,   130,   138,  357, 
358,    359,    465,    469,    482,    489,   495, 
576,  587,  665. 
Sylvania   sandstone.     See   Underground 
ters,  occurrence  of. 
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Tallahatta      buhrstone.      See      Underground 

waters,  occurrence  of. 
Tar  Rprlngs.     See  Springs,  tar. 
Tasmania,  mine  waters,  descriptions,  124. 
Temperature  of  underground  waters. 
Mine  waters : 

Nevada.  101, 102. 
General,  481. 
Springs : 

Arkansas,  20,  688. 
Oregon,  569. 
Philippine  Islands,  669. 
Virginia,  497. 
West  Virginia,  639. 
Wells : 

Cuba,  196. 
Iowa,  5187 
New  Mexico,  675. 
New  Yorls,  697. 
Queensland,  244. 
South  Australia,   139. 
Vermont,  83. 
Underground  waters  in  general : 
Arizona,  405. 
California,  455. 
Connecticut,  230. 
England,  30. 
Itaiy,  120.  359,  489. 
Montana,  627. 
Nevada,  627. 
South  (Carolina,  226. 
Switzerland,  120.  359,  489. 
(icnernl,  197. 
General  papers : 

Atmospheric     temperature,     effect 

on  wells,  585. 
Increase  with  depth,  Nevada,  027. 
Influence    of    alteration    of    rocks 

on.  443. 
Subterranean    temperatures,    plan 

for  determination  of,  241. 
Underground     temperatures,     gen 

eral.  443. 
Use  In  estimating  depth  of  wells, 
380. 
Tennessee. 

IMbllographles     containing     references 
to    underground    waters,  HO,  204,  227. 
Rrincs,  227. 
Mineral   waters,  production   and  value. 

100.  r>27. 
I*rlncli)al  publications  : 

1, 1st    of    deep    borings    in    United 

States,  80. 
Underground     waters     of     eastern 
United  States,  227. 
Sink  holes.  490. 
Springs  : 

Mineral   springs,  227. 
Springs  In  general : 
Descriptions,    227. 
(>c<urrence,  347. 
T'nderground  waters  : 
Circulation,  .347. 
Composition,  227. 


Tennessee — Continued. 

Underground  waters — Continued. 
Occurrence : 

Formations : 
Knox.  227. 
Lafayette.  227. 
Lignltlc,  227. 
Porters   Creek.  227. 
Itipley.  227. 
Systems : 

Carboniferous.  227. 
Cretaceous,  227. 
Devonian.  227. 
Silurian.  227 
Tertiary.  227. 
Work  of: 

Alteration  of  rock,  437. 
Decomposition  of  rock.  437. 
Formation  of  natural  bridges, 
59. 
Uses  of  underground  waters,   springs : 
Medicinal,  227. 
Resorts.  227. 
Wells : 

Artesian   wells,   descriptions.    227. 
594. 
Wells  In  general : 

Descriptions.  89.  227.  407. 
Pumping.  145. 
Records,  407. 
Statistics,  89,  407. 
Tertiary  system.     See  Underground  watersi. 

occurrence  of. 
Test   wells,    use   in   measurement   of   under- 
flow. 500. 
Testing    underflow.     See    Underflow,    meas- 
urement of. 
Testing   wells.      Sec   Wells,   testing. 
Texas. 

Artesian  water,  occurrence  of.  descrip- 
tions. :u^<). 
Blbllograpbles.  containing  references  to 

underground    waters,  89,  204. 
l^rlnes.  agen<y  In  formation  of  oil  an«l 

gas   pools,  4(>0. 
Brines.    «)ceurrence    In    oil    wells.     17<>. 

r»14. 
Caves,    gypsum.  .%.')0,  560. 
I>eposlts  by  evaporation  of  ground  wa- 
ter, .-.oo. 
Mineral   waters  : 

l)es(.'rlptlous.  500. 
I'roduetlon    and    value,  100,  527. 
(^re  deposits,   part  of  underground   wa 

ters  In  formation  of,  74. 
Prlneli»al    publications: 

Irrigation  in  southern  Texas,  .36. 
Irrigation    Investigations    in    west 

ern    Texas,  Si. 
Ulst    of    deep    l>orlngs    in    United 

States.   SO. 
Observations  on  the  ground  waters 
of   the    Ulo   (;rande   Valley,  603. 
Sprlni;.-* : 

Descriptions,  M,  SI.  573,  660. 
DlsebarKC.  0<;t>. 
Underflow,  240,  003. 
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Texas — Continued. 

Underground  channels  In  gypsum,  5r>9. 
Underground  waters : 
Analyses,  603. 
Conditions,  361. 
Evaporation,  560. 
Occurrence : 

Descriptions,     36,     325,    361, 

515,     560,     573. 
Materials : 

Limestone,  36. 
Sand,  36. 
Sandstone,  36. 
Uses  ot  underground  waters  : 
Springs : 

Irrigation.    36,    50.    81,    137, 

141,  658,  698. 
Public  supplies.   36,   50. 
Wells : 

Irrigation,  19,  36,  50,  81,  141, 
185,     287,    315.     318.    319, 

320,  322,    323,    325,    530, 
651.    659,    698. 

Public  supplies,  50. 
Water  table: 

Fluctuation,  603. 
Relation  to  salt  deposits.  559. 
Well  irrigation,  cost  of,  36. 
Wells : 

Artesian  wells : 
Cost,  662. 

Descriptions,  36,  316,  322,  323, 
515. 
Wells   in    general : 

Construction,  36,  603. 

Cost    of    pumping,  003,  651. 

Descriptions,     89.     318,     319, 

321,  407,   573.   059. 
Effect  on  flow  of  springs,  50. 
Pumping.    36.    81,    315,    603, 

651,  662. 
Records,  36,  407,  559. 
Statistics.  36.  89.  407. 
Testing.  325.  602. 

Therapeutic  value  of  mineral  waters.  706. 

Therapeutics.     See  Uses  of  underground  wa- 
ters. 

Thermal  springs.     See  Springs,  thermal. 

Thermal  waters,  ascent  along  fault,  Arizona. 
78. 

Thermal   wells.     See   Wells,   thermal   wells. 

Third     Magnesian     limestone.     See     Under- 
ground waters,  occurrence  of. 

Tides,  effect  on  fluctuation  of  wells.  Japan, 
654. 

Transvaal,  ore  dei>osits,  part  of  underground 
waters  in  formation  of,  259. 

Trap.     See  Underground  waters,  occurrence 
of,  diabase. 

Traverse  series.     See   Underground    waters, 
occurrence  of. 

Travertine.    See  Deposits,  springs. 

Trenton    limestone.     See    Underground    wa- 
ters, occurrence  of. 

Triassic  system.     See  Underground   waters. 
occnrrence  of. 

Tula.    Bm  Deposits,  springs. 


I  Tuff.     See  Underground  waters,  occurrence 
I        of. 
Turkestan. 

Absorption  of  streams  by  desert  sands, 

541. 
Artesian  conditions,  300. 
Seepage  waters,  97. 
Springs,  descriptions,  300. 
Underground    waters,    occurrence    of, 

gravel,  300. 
Uses  of  underground  waters,  springs : 
Irrigation,  97. 
Public  supplies,  97. 
Wells,  descriptions,  97 
Tuscaloosa     formation.      See     Underground 
waters,  occurrence  of. 

U. 

Underdrainage  of  alkali  lands. 
Arizona,  698. 
California,  698,  708. 
Montana,  698,  708. 
Utah,  698,  708. 
Washington,  698,  708. 
General,  709. 
Underdrainage  of  buildings,  New  York,  134. 
Underdrainage  of  deserts  by  sandstone,  99. 
Underdrainage  of  ponds  by  wells,  285. 
Underdrainage  of  soils,  3,  332a. 
Underdrainage  of  swamps  by  wells. 
Iowa,  450. 
Virginia,  378. 
Underflow,    availability    of,    for    irrigation, 

Nevada.  25. 
Underflow. 

Descriptions  : 

Arizona,  387. 
Arkansas,  604. 
New  Mexico,  245,  246. 
Oklahoma,  228a. 
Texas.  246,  603. 
Measurements  and  tests : 
California.  140.  252.  602. 
New  York,  602. 
General,  312.  599,  679. 
Underflow,  work  on.  by  Reclamation  Service 

Kansas.  680. 
Underflow  meter,  252,  602. 
Underground  streams  and  channels. 
Algeria,  346. 
Arizona,  288,  387. 
Arkansas,  2,  645. 
Belgium,  180. 
Bermuda  Islands,  22. 
British  Columbia,  217. 
Cuba,  196. 
Georgia,  439,  441. 
Greece,  431,  433. 
Illinois,  13. 

Indian   Territory,  645. 
Missouri,  520,  566,  592,  593,  597. 
New  South  Wales,  172. 
Sahara,  346. 
Texas,  659. 
UUh,  82. 
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Underground  water. 

Absence  of,   Nevada,  624. 

Derivation     from     rainfall,     Arkansas, 

544. 
Interference     with     placer     workings, 

Utah,  35. 
Interference  with  sewers,  538,  712. 
Laws  relating  to.   178,   335,   467,   501, 

683,  700. 
Occurrence  of: 
General,  197. 
Formations : 

Arapahoe    sandstone,    Coluru- 

do,  87. 
Arbuckle     limestone,     Oklaho- 
ma, 228a. 
Ailkaree: 

Colorado,  87. 
Kansas,  87. 
Nebraska,  87. 
Batesville    sandstone,    Arkan- 
sas, 542,  644. 
Berea  grit : 

Michigan,  202. 
Ohio,  396. 
Bilozl  sand,  Mississippi.  337. 
Blngen : 

Arkansas,  542,  671.  672. 
Louisiana,  671,  672. 
Boone : 

Arkansas.     2,     542,    543. 

544,  647. 
Indian  Territory,  647. 
Brentwood    limestone,    Arkan- 
sas. 2. 
Buchanan  gravel.  Iowa.  571. 
Burlington      limestone.      Mis- 
souri. 519,  593. 
Catahoula  : 

Arkansas,  542,  671.  672. 
Louisiana,  256,  671.  672. 
Chadron : 

Nebraska,  87. 
South  Dakota,  87. 
Wyoming,  S7. 
Cherokee  shale,  Missouri,  593. 
Chesapeake : 

Delaware,  8S. 
Maryland,  91. 
New  .Tersey,  36.'i. 
Vlr^Mnia.  93. 
Chester  saiulKtone  : 
Illinois,  :{94. 
Indiana,  39."). 
Chouteau  limestone,  Missouri. 

520. 
Claiborne.  Mississippi.  IVM. 
Clay  marl.  New  .Jersey,  303. 
Clinton  limestone  : 
MIchlKan.  202. 
Ohio.  396. 
Cockfield,  Arkansas,  672. 
Cobansey.  New  Jersey.  303. 
Coldwater     shale.      Michigan. 

202. 
Columbia,      South      Carolina, 
226. 


Underground  water — (Continued. 
Occurrence  of — Continued. 
Formations — Continued. 

Corniferous    limestone.    0) 

396. 
Dakota  sandstone : 

Colorado,  87,  377. 

Iowa,  511. 

Kansas,  87,  421. 

Minnesota.  247. 

Montana,  94. 

Nebraska,  87. 

North  I»akota.  247. 

South    DakoU,  86,87. 

Wyoming,  86,  87,  94. 
Deadwood  sandstone : 

Montana.  94. 

South  Dakota,  86. 

Wyoming,  86,  94. 
Delthyris  shale.  Missouri,  I 
Dundee    limestone,    Mlchl, 

202. 
Eilensburg  beds.   Washing 

51. 
Enid.  Oklahoma,  228a. 
Eutaw  : 

Alabama,  606. 

Mississippi,  337. 
Fox     Hills     sandstone.    ( 

rado,  87. 
Galena  limestone : 

Illinois.  394. 

Iowa,  511. 

Wisconsin,  229,  581. 
Gasconade      limestone, 

souri.  592,  .'>93. 
Gauley  coal,  West   Virgin! 
(ieuesee.  New  York,  356. 
Grand   Gulf : 

Alabama.  606. 

Arkan.sas.  672. 

Louisiana.  256.  672. 

Mississippi,  337. 
(Jreenbrler  limestone: 

Maryland,  426,  427. 

West  Virginia.  427. 
Greer.  Oklahoma,  228a. 
(Jiinter     sandstone,     Miss 

llall       sandstone.       Arka 

543. 
Ilannihal.  Missouri,  520.  5 
IlatcbetlKbee  : 

Alabama.  006. 
Mississippi.  337. 
rielileilMTK'     limestone. 

Virginia.  427. 
Henrietta,    Missouri,  593. 
Hinckley     sandstone,     M 

sola.  7H>. 
Hudson     Uivor,    Indiana, 

.Ionian  sandstone: 
Iowa.  ."ill.  .'.12. 
Minnesota.  248.  710. 

Klrkwood,  New  Jersey,  36 
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round  water — Continued, 
currence  of — Continued. 
Formations — Continued. 

Knobstone      group,      Indiana, 

395. 
Knox  dolomite : 

Alabama,  606. 

Tennessee,  227. 
Lafayette : 

Louisiana,  558. 

Mississippi.  337. 

South  Carolina,  226. 

Tennessee,  227. 
Lakota  sandstone : 

Montana,  94. 

South  Dalcota,  86,  94. 

Wyoming,  86,  94. 
Laramie : 

Colorado,  87. 

Wyoming,  87. 
Lee    conglomerate,    Kentucky, 

7. 
Llgnltic  group : 

Alabama,  606. 

Kentucky,  227. 

Mississippi,  337. 

Tennessee,  227. 
Lisbon,  Mississippi,  337. 
Logan  sandstone,  Ohio,  390. 
Ijongmeadow   sandstone,    Mas- 
sachusetts, 195,  545. 
Ix)wer  Helderberg  limestone : 

Indiana,  395. 

Pennsylvania,  199. 
Lower    Magneslan    limestone 

Illinois,  394. 

Iowa,  511. 

Wisconsin,  581. 
Lower  marl.  New  Jersey,  303 
Madison     sandstone,     Illinois, 

150. 
Magothy,  Maryland,  91. 
Mahoning  sandstone,  I'ennsyl 

van  la,  634.  035. 
Munafalia.  Mississippi,  337. 
Marias  des  Cygnes.   Missouri 

593. 
Marshall      sandstone,     Mlchi 

gan,  140. 
Matawan,  New    Jersey,  363. 
Medina    sandstone,      I'ennsyl 

vania,  199. 
Michigan       series,    Michigan 

202. 
Middle    marl,  New  York.  303. 
Minnekahta    limestone: 

South  Dakota,  80. 

Wyoming.  80. 
Mlnnelusa  : 

Montana.  94. 

South    Dakota,  80,  87,  94. 

Wyoming'.  80.  94. 
Monroe    sandstone,    Michigan 

202. 
Morrow  : 

Arkansas.  544.  047. 

Indian     Territory.  647. 


Underground  water — Continued. 
Occurrence  of — Continued. 
Formations — Continued. 
Nacatoeh  : 

Arkansas,  542,  671. 
Louisiana,  671,  672. 
Naheola,   Mississippi,  337. 
Napoleon     sandstone,     Michi- 
gan, 202. 
New      Richmond      sandstone, 

Minnesota,  248.  710. 
Niagara   limestone : 
Illinois,  394. 
Indiana,  37,  395. 
Iowa,  365,  667. 
Michigan.  202. 
Ohio,  396. 
Wisconsin.  581. 
Ogalalla : 

Colorado,  87. 
Kansas,  87. 
Nebraska.  87. 
Oneota    limestone,    Iowa,  511, 

512. 
Onondaga      limestone,      Ohio. 

396. 
Oriskany  sandstone,   Pennsyi- 

vania,  199. 
Pahnsapa  limestone : 
Montana,  94. 

South    Dakota,  86,  87,  94. 
Wyoming,  86,  94. 
I*amunkey : 

Maryland,  91. 
Virginia,  93. 
Parma    sandstone,    Michigan, 

202. 
Pentremital      limestone.      Ar- 
kansas, 542. 
Pitkin     limestone,     Arkansas. 

2,  543,  544. 
I'lttsburg     sandstone,      Penn- 
sylvania, 634,  635. 
Platteville    limestone,  Wiscon- 
sin, 229. 
Pleasanton,  Missouri,  593. 
Ponchartrain      clay,      Missis- 
sippi, 337. 
Porters  Creek  clay : 
Kentucky,  227. 
Tennessee,  227. 
Potomac : 

Delaware.  88. 
District  of  Columbia,  92. 
Maryland,  91. 
North   Carolina,  200. 
South   Carolina,  226. 
Virginia,  93. 
Potsdam  sandstone : 
Illinois,  394. 
New  York.  689. 
Wisconsin,  229,  581. 
Quartermaster,     Oklahoma* 

228a. 
Rarltan,  New  Jersey,  363. 
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Uadtrcioaiid  water — Continued. 
Occarrence  of — Continued. 
Forma  tlone — Continued. 
Red  Beds: 

New  Mexico,  86.  SM. 

Oklahoma,  228a. 
Redbank: 

Delaware,  88. 

New  J««ey.  868. 
Ripley : 

Alabama,  606. 

Kentucky.  227. 

If  laalaalppl,  887. 

Tenneeaee,  227. 
Sabine: 

Arkanaaa,  042, 671, 672. 

Loulstana,  671, 672. 
Bt.  Louis  limestone : 

Illinois,  394. 

Indiana,  SOS. 

Missouri,  S98. 
St.  Peters  sandstone : 

nUnols,  1S6, 894. 

Indiana,  395. 

Iowa,  511.  512, 518, 667. 

Minnesota.  248,  710. 

Missouri,  519. 698. 

Wisconsin,  229, 581. 
Sallna  beds,  Michigan,  202. 
Serem,  Maryland,  91. 
Bhakopee    fissured    limestone, 

Minnesota,  710. 
Btockbrldge     dolomite,     Con- 
necticut, 230. 
Stockton    beds.    New    Jersey, 


Sucamocbee,  Mississippi.  33' 
Sundance,  Wyoming,  87. 
Sylvania     gnndstone,     Michi 

gan,  200. 
Tallabatta  bubrstone,  Missis- 
sippi. 337. 
Third    Mainiesian     limestone, 

Missouri,  602. 
TraTerse  series,  Michigan,  202. 
lYenton  limestone : 
Indiana.  37.  395. 
Iowa.  611. 
Michigan.  202. 
Missouri.  603. 
New  York,  680. 
Ohio.  306. 
Pennsylvania.  100. 
Wisconsin,  681. 
Tuscaloosa : 

Alabama.  606. 
Mississippi.  337. 
Upper     Marshall     sandstone, 

Michigan,  202. 
Upper  Washington  limestone, 

Pennsylvania,  636. 
Water  lime,  Indiana,  306. 
Waynesburg  sandstone.  Penn- 
sylvania. 630. 
Whltehom    sandstone,    Okla- 
homa* 228a. 


Underground  water — ContlniMd. 
Occurrence  of — Continued. 
Formations — Continued. 

Wlnslow    sandstone.    Ark 

saa,643. 
TellTlUe   dolomite,   Arkam 
2. 
Materials.     See  also  Formatlo] 
AlluTlum : 

Oktahoma,  228a. 

Washington,  51. 
Rasalt,  Washington,  51,  ST 
Rreccla,  general,  302. 
Bubrstone: 

Mississippi,  387. 

South  Carolina,  226. 
Coal,  West  Virginia,  8. 
Conglomerate : 

Maasachuaetts,  70. 

Oklahoma,  228a. 

Rhode  Island,  79. 
Crystalline  rocka : 

Connecticut,  280, 586. 

District  of  Columbia 

Maine,  611. 

Maryland,  91. 
-    Missouri,  698. 

New  Jersey,  868. 

New  York,  689. 

Pennsylvania.  199. 

South  Carolina,  226. 

Wisconsin,  690. 
Diabase: 

Connecticut,  195. 

Massachusetts,  196. 

New  York.  689. 
Dlorite.  South  Carolina,  22 
Dolomite : 

Arkansas.  2. 

Iowa.  511. 
Drift.     See    also     Sand 
gravel. 

China.  200. 

Connecticut,  230. 

Illinois.  304. 

Indiana,  20. 

Iowa.  611.618. 

Maine,  008. 

MiDnesota.  247.  248.^ 

Missouri,  503. 

New  Hampshire.  608. 

New  York.  366,  666,  i 

North  Dakota.  247. 

Ohio,  390. 

Pennsylvania,  100. 

Rhode  Island,  70. 

Wisconsin.  681. 
Gneiss.  North  Carolina,  21i 
Granite : 

Delaware,  88. 

Oklahoma,  228a. 

South  Carolina,  226. 

Virginia,  03. 
Gravel : 

Australia,  406. 

California.  60,  178,   2 
864,  666. 
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Underground  water — Continued. 
Occurrence  of — Continued. 
Mmterials — Continued. 
Qrayel — Continued. 

Illinois,  437. 

Maine.  609. 

Mexico.  714. 

Neyada.  399. 

New  Jersey,  171. 

New  Mexico,  354. 

New  York,  157,  697. 

Pennsylvania,  635.  636. 

Turkestan,  300. 

Washington,  379. 
Limestone : 

Arkansas,  2. 

(Seorgla,  441. 

Massachusetts,  79. 

Pennsylvania.  199,  638. 

Texas,  36. 

Virginia,  93. 
Porphyry,  Oklahoma,  228a. 
Quartzite : 

Georgia,  688. 

Virginia,  93. 
Sand: 

California,  364. 

District  of  Columbia,  131, 
147. 

Florida,  201. 

Holland,  432. 

Maryland,  91. 

Massachusetts,  536,  537. 

Michigan,  189. 

Minnesota,  167. 

New  York,  148,  189,  697. 

Pennsylvania,  635,  636. 

Texas.  36. 

Washington,  379. 
Sandstone : 

Arkansas,  2. 

Connecticut,  195,  230. 

Georgia,  441. 

Maryland,  91. 

Massachusetts,  195. 

New  Mexico,  3."»4. 

Pennsylvania,  638. 

South  Carolina,  226. 

Texas,  36. 
Shale : 

Connecticut,  195. 

Maryland,  91. 

Massachusetts,  195. 

New  York,  356,  689. 

Pennsylvania.  199. 
Tuff,  Washington,  51. 
Structures : 
Faults : 

Arkansas,  542.  647. 

Connecticut,  195. 

Indian  Territory,  047. 
Fissures.  Washington,  51. 
Fractured    rocks    In    general, 

392. 
Joints  : 

Arkansas,  645. 

Connecticut,  195. 


Underground  water — Continued. 
Occurrence  of — Continued. 
Structures-^Continued. 
Faults — Continued. 

Indian  Territory,  645. 

Maine,  608. 

New  Hampshire,  608. 
Systems.     See  also  Formations. 
Cambrian : 

Alabama,  606. 

Iowa,  511. 

Minnesota,  248. 

New  York,  689. 

Pennsylvania,  199. 
Carboniferous : 

Alabama,  606. 

lUinoia,  394. 

Indiana,  395. 

Iowa,  511. 

Kentucky,  227. 

Maryland,  91,  427. 

Mississippi,  337. 

Ohio,  396. 

Oklahoma,  228a. 

South  Dakota,  87. 

Tennessee,  227. 

West  Virginia,  203,  427. 
Cretaceous : 

Alabama,  606. 

Arkansas,  671. 

Colorado,  87. 

Delaware,  88. 

Kansas,  87. 

Louisiana,  671. 

Maryland,  91. 

Minnesota.  247,  248. 

Mississippi,  337. 

Nebraska,  87. 

New  Jersey.  363. 

New  Mexico.  354. 

New  York,  689. 

North  Carolina,  200. 

North  Dakota,  247. 

Oklahoma,  228a. 

South  Carolina,  226. 

South  Dakota,  87,  551. 

Tennessee,  227. 

Virginia,  93. 

Wyoming,  87. 
Devonian : 

Illinois,  394. 

Maryland,  91. 

Missouri,  592. 

New  York.  356,  689. 

Pennsylvania,  199. 

Tennessee,  227. 
Jurassic,  Wyoming,  87. 
Newark : 

South  Carolina,  226. 

Virginia,  93. 
Ordovlclan : 

Arkansas,  542,  644. 

Iowa,  511. 

Minnesota,  248. 

New  York.  689.  J 
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Underground  water — Continued. 
Occurrence  of — Continued. 
Systems — Continued. 
Pre-Cambrlan : 
Iowa,  511. 
New  York,  680. 
Silurian  : 

New  York,  689. 
Pennsylvania.  100. 
Tennessee,  227. 
Tertiary : 

Alabama,  606. 

Arkansas.  542,  544,  671, 

672. 
Colorado,  87. 
Delaware,  88. 
Illinois.  304. 
Indiana,  305. 
Kansas.  87. 

Louisiana,  256,  671,  672. 
Maryland,  01. 
Mississippi,  337. 
Nebraska.  87. 
Oklahoma.  228a. 
South  Carolina,  226. 
South  Dakota,  87,  551. 
Tennessee,  227. 
Virginia,  03. 
Wyoming,  87. 
Trlasslc  : 

Connecticut,      105.      230, 

545. 
MaBsachusetts,  105,  545. 
New  Jersey,  363. 
New  York,  680. 
rennsylvania,  100. 
Virginia.  03. 
Underground  water,  unusual  depth  of,  Ari- 
zona, 503. 
Underground  waters. 

Circulation  of.     See  Circulation. 
Classlflcation  of,  Mississippi,  411. 
Composition  and  quality  of.     See  Com- 
position. 
Contamination  of.      See  Contamination. 
Decline  of.     See  Decline. 
Deposits  by.     See  Deposits. 
Descriptions.      See  under  States. 
Field  analysis  of.  .'iOO. 
Fluctuations  of.     See  Fluctuation. 
Movements    of.       See    Clrculatiou    and 

movements. 
Part  of.  In  formation  of  ore  deposits. 

See  Ore  deposits. 
Predictions  of  occurrence.  Iowa,   101. 
Kelation  to  flow  of  Htreama.  .38. 
Relation    to    Igneous    Intrusions.    Ken- 
tucky and  IIlinolH,  14. 
Uelatlon   to  irrigation.   Colorado.   282. 
Relation  to  structure  of  rocks.  Ji02. 
Relations     to     volcanoes     and     oartli- 

quakos.  277. 
Source  of  public  supplies.      See  I'scs  of 
underground  waters. 


Underground  waters — Continued. 

Uses.      See  Uses  of  underground  wate 
Work  of: 

Alteration  of  rocks : 

Alaska,  620. 

Arizona,  403. 

California,  682. 

Indiana,  27. 

Missouri,  577. 

Montana.  627. 

Nevada,  624,  627. 

North  Carolina,  347.  539. 

Tennessee,  347. 

Utah.  348. 

General,  56.  63.  481.  554.  61 
Aqueo-igneous  fusion.  56. 
Cementation : 

Connecticut,  349. 

New  Brunswick.  340. 

New  Jersey,  340. 

New  York,  340. 

Pennsylvania,  340. 

General,  251. 
Chloritization,      North       Caroll 

530. 
Deposits.     See  Deposits. 

Nevada,  552. 

North  Carolina.  347. 

Tennessee,  347. 

General.  251,617. 
Formation   of  hummocks.    Call: 

nia,  648. 
Formation  of  stone   reefs.    Bra 

41. 
Induration,  Oregon.  560. 
I^nd  slips.  Montana,  620. 
Leaching : 

Arizona.  188. 

North  (Carolina,  530. 
Metamorphlsm,  523. 
Replacement.  517,  522.  616. 
Serpent inizatlon,    North    Caroli 

5;J9. 
Slllcincatlou  : 

California,  048. 

Nevada,  624. 
Solution  : 

(\iba.  100. 

Kentucky.  i\^H. 

Massachusetts,  50. 

Missouri.  r.02.  507. 

Ohio.  'MjC>,  :iG7. 

Tennessee.  .50. 

Virginia,  50. 

Yellowstone  National  Park, 
I'ndei mining  :         * 

Arkansas,  212. 

Missouri,  212. 
Work    of    underground    waters 
j,'euernl  : 

Arizona.  40o. 

Arkansas.  212. 

Illinois.  12.  i:i. 

Missouri.  212. 

Montana,  105. 
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Fnderground  waters — Continued. 
Work  of — Continued. 

Work    of    underground    waters    In 
general — Continued. 

Oregon,  569. 

Philippine  Islands,  669. 

General,  15,  554. 
Work  on,  by : 
Individuals : 

Abbe.  Cleveland,  Jr.,  205,  679. 

Adams,  G.   I.,  205,  679. 

Anderson,  J.  A.,  679. 

Ashley,  G.  11.,  679,  680. 

Bain,   11.   F.,  205,  680. 

Bayley,  W.  S.,  205,  679.  680. 

Boutweli,  J.  M.,  205,  679,  680. 

Bowman,   Isaiah,  679,  680. 

Calkins,  F.  C,  679. 

Champlin,  F.  A.,  679. 

Clapp,  F.  G..  G79. 

Clark,  W.  B.,  205. 

Condra,    G.  E.,  679,  680. 

Cooper,  W.  F.,  679. 

Crane,  G.  W.,  679. 

Crider,  A.  F.,  205,  680. 

Crosby,  W.  O.,  205,  679,  680. 

Dale,  T.  N.,  679. 

Darton,  N.   H.,  679,  680. 

Davis,  C.  A.,  205.  680. 

Eckel,   E.  C,  205,  679,  680. 

Ellis,  E.  E.,  680. 

Fisher,  C.  A.,  679,  680. 

Fuller,  M.  L.,  205,  679,  680. 

Gale,  11.  S.,  079. 

Glenn,  L.  C,  205,  679,  680. 

Gould,  C.  N.,  079,  680. 

Grant,  U.  S.,  205,  680. 

Gregory.  II.  E.,  679.  680. 

Gregory.  W.  M.,  205,  679,  680. 

Hall.  C.  M.,  679. 

Hall,  C.  W.,  205,  679.  680. 

Hallock,  William,  679. 

Harris,  G.  D.,  679. 

Hawkins.  R.,  679. 

Henry,  F.  A.,  679. 

Hodges,  U.  S..  679. 

Holllster,  G.  B.,  205,  680. 

Horton,  R.  E..  205.  680. 

Johnson,  B.  L..  205,  680. 

Johnson,   1).   W.,  205,  679,  680. 

Johnson,  E.,  205.  680. 

Johnson,  L.  C,  079. 

Keyes,  C.  R.,  679. 

Kindle.  E.  M.,  205,  680. 

Knapp,  G.  N.,  205.  679,  680. 

I^  Forge,  Laurence,  679. 

Landes.   Henry.  079. 

Lane,  A.  C,  205. 

r^e,   W.  T.,  079,  680. 

I>everett,  Frank,  205,  679,  680. 

Lines,   E.   F.,  205,  680. 

Lord,  L.  G.,  079. 

Loughlln.  (;.  F.,  679. 

Lovelace,  B.  F.,  079. 

McCallie,  S.  W.,  205,  679,  680. 


Underground  waters — Continued. 
Work  on,  by — Continued. 
Individuals — Continued. 

Martin.  G.  C,  679,  680. 
Mendenhall.  W.  C,  679.  680. 
Norton.  W.  H.,  205,  679,  680. 
Norwood.  C.  J.,  205. 
O'Harra.  C.  C,  680. 
Perkins.  G.  H..  679.  680. 
Purdue,  A.  H..  205.  679. 
Pynchon.  W.  H.  C,  679. 
Rathbun,  F.  D..  679. 
Richardson.  G.  B..  679,  680. 
Russell,  I.  C.  679. 
Setchell,  W.  A.,  679. 
Shepard,  E.  M..  205,  679.  680. 
Sbults.  A.  R.,  205,  679.  680. 
Siebenthal,  C.  B.,  679,  680. 
Simpson,  H.  E.,  680. 
Sllchter.  C.  8.,  679,680. 
Smith,  E.  A.,  205,  679,  680. 
Smith,  G.  O..  205,  679,  680. 
Smith,  W.  S.  T.,  205,  679,  680. 
Stephenson.  L.  W.,  680. 
Stose,  G.  W.,  205,  680. 
Tarr.  R.  S..  670. 
Taylor,  P.  B.,  679. 
Todd,  J.  E..  679,  680. 
Udden,  J.  A..  205,  679.  680. 
Veatch,  A.  C,  205.  679,  680. 
Washburn,  W.  C,  679. 
Watson,  T.  L.,  205. 
Weed,  W.  H.,  679,  680. 
Weeks,  F.  B.,  205,  679.  680. 
White,  C.  H.,  679. 
White,  I.  C,  205. 
Whitney,  P.  L.,  679. 
Wilder,  F.  A.,  679. 
Wlllard.  D.  E.,  679,  680. 
Brazilian  Government,  584. 
Peruvian  Government.  584. 
United   States   Geological   Survey, 
191,  193,  204,  205,  684,  679,  680. 
United  States  Reclamation  Service, 
680. 
United  States. 

Principal   publications   relating  to  un- 
derground waters : 

Bibliographic  review  and  index  of 
papers  relating  to  underground 
waters     published     by     United 
States  Geological  Survey.  1879- 
1904.  204. 
Preliminary    list   of  deep    borings 
in  the  United  States,  89. 
Unwatering.     See  Pumping. 
Upper  Marshall  sandstone.     See  Underground 

waters,  occurrence  of. 
Upper    Washington    limestone.     See    Under- 
ground waters,  occurrence  of. 
Use  of  underflow  for  Irrigation,  general,  699. 
Use  of  well  records,  193. 
Use  of  wells,  precautions  in.  389. 
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Uses  of  underground  waters. 

Drainage    tunnels.     Irrigation,     Persia, 

301. 
Infiltration  galleries,  public  supplies  : 
Prance,  225. 
Indiana.  502. 
Wyoming,  703. 
Mine  waters : 

Boilers,  Arkansas,  75. 
Power,  Arizona,  330. 
Public  supply,  Australia.  466. 
Springs : 

Bathing : 

Cuba.  196. 

Montana,  687. 

Washington,  379. 

General.  687. 
Boilers : 

Indian  Territory,  244. 

Washington,  379. 
Heating,  general.  687. 
Irrigation : 

Idaho,  306,  567. 

Italy.  444. 

Massachusetts.  678. 

Nebraslia,  308,  314. 

New  York,  676. 

Oklahoma,  228a. 

Persia,  301. 

Texas.  36,  50.  81.  137. 141,  658, 
698. 

Turkestan,  97. 

Virginia,  497. 
Medicinal   (therapeutic)  : 

Cuba,  196. 

New  Hampshire,  19S. 

New  York,  089. 

Philippine  Islands.  669. 

Tennessee,  227. 

General,  687. 
Power : 

Arizona,  330. 

Indiana,  395. 

Missouri,  500.  577. 

New  York.  089. 

Wisconsin,  501. 
Private   supplies    (domestic)  : 

Cjilifornin,  (iO. 

New    Ilampslilre,  IDS. 

Now    York.  «S<). 

Pennsylvania.  Ct'AH. 

South   Carolina,  2LM>. 

(Jeneral    discussion,  223. 
Public  supplies : 

Connecticut,  230. 

Cuba.  190. 

England,  30. 

France,  431. 

IlliDois,  438. 

Louisiana,  250. 

Maine,  000.  694. 

Maryland,  427. 

Missouri,  409,  519. 

New   Jersey,  371. 

New    York,  159,  54r),  GM9. 

Oklahoma,  22Sa. 

Pennsylvania,    58,    035,     030, 
63& 


Uses  of  underground  waters — Continoed 
Springs — (.'ontinued. 

l*ublic  supplies — Continued. 

Philippine   Islands,  631. 

Quebec.  332. 

South  Carolina.  226. 

Texas,  50. 

Turkestan.  97. 

Utah.  118. 

Vermont.  532. 

Washington.  379. 

West  Virginia,  427. 

General.  223.  505. 
Resorts : 

Arkansas.  664. 

Germany.  43. 

Maine.  664. 

Massachusetts.  657. 

Pennsylyanla,  638. 

Tennessee,  227. 

Virginia.  664. 

Washington.  379. 
Source  of  chemicals,  687. 
Underground  streams : 
Public  supplies: 

Cuba.  196. 

Mexico.  177. 
Formation  of  oases.  Sahara,  3 
Wells : 

Rollers : 

Arkansas,  542. 

Indian    Territory,  244. 

Oklahoma,  244. 

Washington,  379. 
(Yeameries,   New  York,   689. 
Drainage  of  ponds.  Michigan, 
Drainage  of   swamps,  Virginia. 
Heating : 

Idaho,  687. 

Montana,  687. 
ice    plants,  Arkansas,  542. 
Irri^jation  : 

Alk'eria,  494,  528. 

Arizona,  387. 

Arkansas.  052,  662. 

California,  26,  187,  284, 
380.  440,  452,  453, 
45.^..  4.'>C,  45S,  494, 
«>(>.->,  (570.  098. 

Colorado,  305.  640. 

Idaho.  :ao. 

India.  494.  070. 
Kansafi.  'JTA,  040.  719. 
Louisiana.  250.  558. 
Massachusetts,  078. 
Neliraslva.  040. 
Nevada.  L'.*i. 
N<'\v    .Tersey.  492.  078. 
New   Mexico,  287,  354,  676 
N«'\v   York.  540. 
Oklahoma.  22Sa. 
Oregon.  .'iCjO. 
Que.'nsl.-md.  494. 
Sahara,  .'iL'S. 
South    r»akota.  311. 
Southern  United  States, 
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tes  of  underjH'ound  waters — Continued. 
Wells — Continued. 

Irrigation — Continued. 

Texas,  19.  36,  r>0,  81,  141, 
185,  287,  315,  318,  319, 
320,  322,  323,  325,  530, 
651,  658,  659,  698. 

Utah,  574. 

Washington,  379. 

Wyoming,  307. 

General.  274,  699. 
Laundry  purposes,  general,  598. 
Manufacturing  purposes : 

Connecticut.  545. 

Louisiana,  256. 

Massachusetts,  195,  545. 

New  Hampshire,  198. 

New  Jersey,  149,  171. 

New  York,  689. 
Pcwer : 

Arizona,  288. 

Mexico,  177. 

New  South  Wales,  73. 

New   York,  689. 

Queensland.  73. 
Private  supplies  (domestic)  : 

California,  384. 

Colorado,  302. 

Connecticut,  195,  545. 

Iowa,  417,  575. 

Louisiana,  256. 

Massachusets,  195,  545. 

Minnesota,  248. 

New  York,  689. 

North  Dakota,  370. 

Oregon,  569. 

Washington,  379. 

Washington,  379. 

Wisconsin,  581. 

Wyoming.  307. 

(ieneral.  223. 
Public  supplies : 

Arkansas.  542. 

Australia.  466. 

(California,  60,  65,  258,  340, 
468. 

Connecticut,  545. 

Cuba.  196. 

Denmark.  431. 

England.  30.  160. 

(icrmany.  500. 

Illinois.  156,438. 

Indiana.  37.  502. 

Iowa,  417.  57r).  667. 

Maine.  18. 

Maryland,  Ul. 

Michigan.  169.  211. 

Minnesota,  710. 

Missouri.  503. 

Nevada.  620. 

New  .Tersey.  142.  .363.  .371, 
402.    674. 

New  York.  157.  I.V.),  224,  6r)6, 
607. 

North   Carolina,  442. 

Ohio,  231,  393. 


Uses  of  underground  waters — Continued. 
Wells— Continued. 

Public  supplies — Continued. 
Pennsylvania,  58,  632, 
South   Carolina,  226. 
Texas,  50. 
Washington,  379. 
General,  595. 
Resorts : 

New   Hampshire,  198. 
New   York,  689. 
Pennsylvania,  664. 
Underground  waters  In  general : 
Boilers,  31. 
Irrigation  : 

Argentine  Republic,  76. 
England,  30. 
Medicinal,  257. 
Utah. 

Alkali  waters,  702. 

Artesian  waters,  34. 

Bibliography   containing  references   to 

underground  waters,  204. 
Blowing  wells,  34. 
Brines,  34. 
Fissures,    relation    to    circulation    of 

underground  waters,  35,  348. 
Mine  waters,  32,  35. 
Mineral  waters,  production  and  value, 

100,  527. 
Ore    deposits,     part    of    underground 

waters  in  formation  of,  32,  33,  35. 
Seepage,  574. 
Springs : 

Descriptions,  32,  52,  98. 
Discharge,  273. 
Supply  of  lake  by,  52. 
Types: 

Mound  springs,  34. 
Oil  springs,  420. 
Pitch  springs,  34. 
Saline  springs,  420. 
Underdrainage    of    alkali    lands,    698, 

708.. 
Underground  streams,  32. 
Underground  waters: 
Circulation.  35,  348. 
Composition,  333. 
Interference    with     placer    work- 
ings, 35. 
Occurrence,    descriptions,  32,  333. 
Part    in    alteration    of    limestone, 
348. 
Uses  of  underground  waters : 

Artesian  wells,  Irrigation,  574. 
Springs,  public  supplies,  118. 
Water  level,   relation   to  depth  of  su- 
perficial alteration,  35. 
Water  table : 

Depths,  333. 
Map  of  depths,  574. 
Relation  to  alkali,  333,  574. 
Wells : 

Artesian    wells,    descriptions,    08» 

333. 
Thermal  wells,  84.  A 
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Uuh— Continued. 

Wells — Continued. 

Wells  In  general : 

Descriptions,  89,  407,  420. 
Records,  34,  407. 
Statistics,  89,  407. 

V. 

Vegetation,  relation  to  water  table. 
Michigan.  410. 
General,  3. 
Veins,  part  of  underground  waters  In  alter- 
ation of. 

Alaska,  620. 
Neyada,  626. 
Veins,  part  of  underground  waters  In  forma- 
tion of. 

Alaska,  619. 
Arizona,  403. 
California,  619. 
Neyada,  624,  626. 
Victoria,  402. 

General,  290,  476.  524,  525. 
Vermont. 

Bibliographies     containing     references 

to  underground  waters,  204,  532. 
Frozen  well,  83. 
Mineral  waters,  production  and  yalue, 

100,  527. 
Principal  publications : 

List    of   deep    borings    In    United 

States,  89. 
Underground    waters    of    eastern 

United  States,  532. 
Water   resources   of   the   Fort   Tl- 
conderoga   quadrangle,   Vermont 
and  New  York,  83. 
Water    resources    of    the    Taconic 
quadrangle.    New    York,    Massa- 
chusetts, and  Vermont,  C57. 
Springs  : 

Mineral  springs,  list  of,  531i. 
Springs  in  general : 
Analyses.  532. 
Descriptions,  83,  532. 
Underground  waters  : 
Composition,  532. 
Occurrence,  descriptions.  G57. 
Uses   of   underground   waters,   sprlni^s. 

public  supplies,  532. 
Wells  : 

Artesian  wells,  descriptions,  532. 
Wells  in  general  : 

Descriptions,    83.  81),  407,  532. 
Distribution.  532. 
Records,  407. 
Statistics,  80,  407. 
Temperatures,  83. 
Victoria,    part    of    underground    waters    in 

formation  of  gold  quartz  veins,  402. 
Virginia. 

Bibliographies     containing     references 

to   underground    waters,  89,  93,  204. 
Drainage  of  swamps  into  wells.  378. 
Mineral  waters,  production  and  value, 
100,  527. 


Virginia — Continued. 

Principal  publications: 

List    of   deep    borings    in   Uo 

States,  89. 
Underground    waters    of    eaa 
United  States,  93. 
Solution  features,  571. 
Springs : 

Mineral  springs,  list  of,  93. 
Thermal  springs,  descriptions 

497. 
Springs  in  general : 

Contamination,  393. 
Descriptions,  93,  378. 
Relation  to  faults,  93. 
Temperatures,  497. 
Underground  waters : 
Occurrence : 

Descriptions,  93. 
Formations : 

Chesapeake,  93. 
Pamunkey,  93. 
Potomac,  93. 
Materials : 

Granite,  93. 
Limestone,  93. 
QuartBlte,  93. 
Systems : 

Cretaceous,  93. 
Newark,  93. 
Tertiary,  93. 
Triassic,  93. 
Work  of,  in  formation  of  nc 
bridges,  59. 
Uses  of  underground  waters,  sprii 
irrigation,  497. 
Uesorts.  664. 
Water    table,    relation    to    sewage 

tem.  lOrt. 
Well  waters,    purification  of,  497. 
Wells: 

Artesian  wells,  descriptions,  £ 
Wells  in  general  : 

Descriptions,  89,  407. 
Records,  407. 
Statistics,  89,  93,  407. 
Volcanic  waters. 
Descriptions  : 

.Vrlzona,  403. 
rhlllppine  Islands.  609. 
Windward   Islands,  270. 
(loneral.  271. 
Orlfjln.  210,  271.  277. 
Volcanic    waters,    part    of,    In   formatk 

ore   dei)OHlt8.  4S4. 
Volume.     See  Discharge. 

W. 

Washington. 

Artesian  conditions,  51.  GIO. 
Artesian   requisites.  r»l. 
Bibliography    containing    referenc* 

underj^round   waters.  204. 
Minora!   waters,  production  and  "« 

100,  527. 


IN    UNITED   STATES   IN   1905. 


327 


Washington — Continued. 

I'rincipal  publications: 

Geology    and    water    resources    of 

east-central  Washington,  51. 
List    of    deep    borings    In    United 

States.  89. 
Preliminary   report  on  the  under- 
ground   waters   of    Washington, 
379. 
Seepage,  379,  681. 
Springs : 

Analyses,  379. 
Descriptions : 

Gas  springs,  379. 
Thermal  springs,  51. 
Springs  in  general,  51,  379. 
Underdrainage  of  alkali  lands,  098,  708. 
Underground  waters : 
Circulation,  379. 
Composition,  379. 
Occurrence  : 

Descriptions,  379. 

Fissures,  51. 

Formation,  Ellenburg  beds,  51. 

Materials : 

Alluvium,  51. 
Basalt,  51.  379. 
Sand  and  gravel,  379. 
Tuff,  51. 
Uses  of  underground  waters : 
Springs : 

Bathing.  379. 
Boilers,  379. 
Public  supplies,  379. 
Resorts,  379. 
Wells : 

Boilers,  379. 
Irrigation,  379. 
Private  supplies,  379. 
Public  supplies,  379. 
Wells : 

Artesian    wells,    descriptions,    51, 

379. 
Wells  in  general : 
Construction,  51. 
Descriptions,  89,  379,  407. 
Records,  407. 
Statistics.  89,  407. 
Testing.  51. 
Water,  proportion  In  freshly  quarried  rocks, 

110. 
Water-bearing  strata,  types  of.  197. 
Water  caverns,  Michigan.  342. 

Water  level. 

Relation  to  depth  of  superficial  altera- 
tion, Utah,  35. 
Relation  to  mining : 
Colorado,  478,  487. 
Maryland.  680. 
Water    power.     See    Uses    of    underground 

waters. 
Waterless  conditions  In  Baluchistan,  301. 
Water    supply.     See    Uses    of    underground 
waters. 


Water  table. 

Decline.     See   Decline  of  underground 

waters. 
Definition,  383. 
Depths : 

Arizona,  385. 
Nevada,  471. 
New  York,  17. 
Utah,  333. 
Descriptions : 

Arizona,  387. 
California,  252. 
Massachusetts,  80. 
Effect  of  freezing  and  thawing  on,  3. 
Effect  of  irrigation  on : 
California,  1,  26. 
General,  112,  641. 
Effect  of  pumping  on : 
Australia,  406. 
California,  133. 
Michigan,  146. 
Effect    of    sewage    disposal    on,  New 

York,  17. 
Fluctuations  of: 

California,  1,  26,  252,  446. 
Massachusetts,  151,  538. 
New  York,  135,  546. 
Texas.  603. 
General,  112,  641. 
Maps  of: 

Arizona,  387. 
Utah,  333,  574. 
Noneffect  of  filter  plant  on,  New  York, 

129. 
Nonfiuctuation  of.  New  York,  17. 
Raising  of,  artificially,  630. 
Relation  to  occurrence  of  alkali : 
Utah,  333,  574. 
General,  641,  709. 
Relation  to  ore  deposits : 
Alabama.  607. 
Texas,  559. 
Wisconsin.  113. 
Relation    to    sewage    system,  Virginia, 

166. 
Relation  to  vegetation  : 
Michigan,  410. 
General.  3. 
Waterworks  statistics,  595. 
Waterlime.     See    Underground    waters,    oc- 
currence of. 
Waynesburg    sandstone.     See    Underground 

waters,  occurrence  of. 
Well  batteries,  arrangement  of,  223. 
Well  construction.     See  Wells,  construction. 
Well  points,  252. 
Well  prospects. 
Delaware,  88. 
Indiana,  395. 
Iowa,  512. 
Maryland,  426,  427. 
Ohio,  396. 

West  Virginia.    427. 
Wells  and  borings. 

Analyses.     See  Analyses,  wells. 
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Well*  and  borlnsrs — Continued. 
Construction  : 

Difficulties  of,  142. 
Methods : 

Diamond-drill  holes,  253,  338. 

Stovepipe  method,  600,  602. 
Ix>calltle8 : 

Algeria,  346. 

Arkansas,  542,  544,  652. 

California,  252,  258,  864,  600, 
602. 

Illinois,  436,  437. 

Louisiana,  256. 

New  Jersey,  142. 

New  York,  224. 

Sahara,  346.       ..  -  • 

Texas,  36,  603. 

General,  183. 
Contamination.      See      Contamination. 

wells. 
Cost.     See  Cost  of  wells. 
Description : 

Artesian  wells  : 

Alabama,  606. 

Algeria.  346,  494,  528. 

Arkansas,  594,  672. 

California,  494,  562,  665,  721. 

Colorado,  87. 

Cuba,  196. 

Delaware,  88. 

Egypt,  121. 

England,  30. 

Florida,  201,  431. 

Idaho,  310,  311. 

Illinois,  394. 

Indiana,  20,  37.  395. 

Iowa,  511. 

Kansas.  87. 

Kentucky.  7,  594. 

Louisiana.  256,  515,  558,  671. 

Maine.  18,  608. 

Maryland,  427. 

Massachusetts,  80. 

Michigan.  202.  267. 

Minnesota.  247.  248. 

MlBsIssIppl.  266.  337.  411,  594. 

Missouri,  592.  593.  .'594. 

Nebraska.  87. 

New  Hampshire,  60S. 

New  Jersey,  303.  492. 

New  Mexico.  287. 

New  York.  350,  656,  689. 

North  Carolina,  200. 

Ohio.  .-iOO. 

Oregon.  560. 

Pennsylvania,  58. 

Queensland,  494, 

Sahara,  346,  528. 

South  Carolina.  21., j,  ,, 

South  Dakota.  87.  247,  431. 

Tennessee,  227,  594. 

Texas,  30,  185,  316,  322,  :i'2X 
515. 

Utah,  98. 

Vermont.  532. 

Virginia,  93. 

Washington,  51,  379. 


'  Wells  and  borings — Continued. 

Description — Continued. 
I  Artesian  wellB — Continued. 

!  West  Virginia,  203. 427. 

Wisconsin,  170,  581. 
Wyoming,  87,  807. 
Blowing  wells : 
Utah,  34. 
General,  486. 
Ilorisontal  wells,  Oregon,  569. 
Thermal  wells,  Utah,  84. 
Wells  In  general : 

Alabama,  89,  407,  606. 
Arizona,  89,  288,  385,  387, 407. 
Arkansas,  89,  407,  542,  543. 
California,   65,  89,   258,  407, 

408,  468. 
China,  507. 

Colorado,  89,  303,  407,  640. 
Connecticut,  89. 195,  230, 407. 

545. 
Cuba,  196. 
Delaware,  89,  407. 
District  of  Columbia.  89,  92, 

407. 
England,  160. 
Florida,  89,  201,  407. 
Georgia,  89,  407,  441,  704. 
Idaho,  84,  89,  407. 
Illinois,    89,    304,    407,    436, 

437. 
Indian  Territory,  89, 407. 
Indiana,  89,407,502. 
Iowa,  89,  407. 

Kansas,  87,  89,  407,  615,  640. 
Kentucky,  89,  227,  407. 
I^ulsiana,  89,  407. 
Maine,  89,  407. 
Maryland,  89,  91,  407. 
Massachusetts,   89,    195,   407, 

545. 
Mexico,  177,  714. 
Michigan,   89,    169,   211.   267, 

407. 
Minnesota,  89,  247,  248,  407. 
Mississippi,  89,  337,  407.411. 
Missouri,    89.    407,    577,    578. 

592,  593.  615. 
Montana.  89.  407. 
Morocco.  179. 
Nebraska.  89.  407.  640. 
Nevada,  89.  407. 
New  Hampshire.  89,  407. 
New  Jersey,  89.  171.  369,  407. 

G74. 
New    Mexico.    89,    354.    407. 

67n. 
New   York.   82,   89,   407,   546, 

080,  697. 
North  Carolina,  89,  407. 
North    Dakota,  89,  247,  407. 
Ohio.  80.  407. 
Oklahoma,  89,  407. 
Oregon.  H9,  407,  569. 
Pennsylvania,    89,    407,    462, 

Persia,  298. 
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ells  and  borings — Continued. 
Description — Continued. 

Wells  In  general — Continued. 
Queensland,  242. 
Rhode  Island,  89,  407. 
Saraha,  345. 
South  Australia.  130. 
South  Carolina.  80.  22«,  407. 
South  Dakota,  80,  407. 
Tennessee,  80,  227,  407. 
Texas.  81.  80.   185,  318,  310, 

321,407.573,650. 
Turkestan.  07. 
Utah.  80.  407.  420. 
Vermont.  83.  80.  407,  532. 
Virginia,  80,  4(»7. 
Washington,  ft.  80.  370.  407. 
West   Virginia.  8.  80,  407. 
Wisconsin,  80.  407. 
Wyoming.  80,  407. 
Distribution  : 

Artesian  wells : 
Alabama.  613. 

California,  384,  452,453,454. 
Iowa,  706. 
Utah.  .333. 
Wells  in  general : 

Pennsylvania,  100. 
Vermont,  .*»32. 
Pumping.     See  Pumping. 
Records.     See  Records. 
Statistics.     See  Records  and  wells  un- 
der States : 

Connecticut,  105. 
Illinois,  4.37. 
New  Mexico.  602. 
Texas.  002. 
Washington,  51. 
Yield.     See  Discharge. 
General  pai>erH  : 

Advantages    of    deep    wells    over 

shallow  wells.  442. 
Availability    of    wells    in    mining 

districts,  .'.00. 
Conditions  relative  to  : 
Montana.  04. 
South    Dakota.  04. 
Effect  of  deforestation  on,   Michi- 
gan, 200.  211. 
EflTect    of   ditching    on,    Michigan, 

200,211. 
Effect   of  frost   on,   Michigan.  200. 

211. 
Effect  of  (iiiarrylng  on,   Michigan, 

200. 
Effect    of    rainfall    on,    Michigan, 

200. 211. 
Effect   on  "flow   of  springs,   Texas. 

."lO. 
Failure  of : 

Michigan.  200.211. 
West    Virginia,  504. 
PTuctuatlon    of    water    in.    Japan, 

654. 
Interpretation     of    geology     from. 
New  York.  82. 


Wells  and  I)orIngB — Continued. 
General  papers — Continued. 

Location  of,  by  divining  rod,  Ger- 
many, 1.32,  480. 
Necessary  conditions  for,  18. 
Need  of.  South  Africa,  403. 
Perforation  of  casing.  25**. 
Precautions  In  use  of.  380,  456. 
Protection     from     contamination, 

183. 
Radioactive      waters,      Missouri* 

578. 
Recovery    of    underground    waters 

by,  197. 
Relation  to  faults.     See  Faults. 
"  "Itary  locations  of,  184,  544. 
Screens,    use    of    In    wells,    I>ou1b- 

lana,  256. 
Use  of  reclamation  fund  for  con- 
struction of,  501. 
T'ses.     See    I'ses    of    underground 

waters,  wells, 
(ieneral  descriptions,  324. 
West   Virginia. 

Bibliographies  containing  references  to 

underground   waters,  89,  20:i.  204. 
Failure  of  springs  and  wells.  .504. 
Mineral  waters,  production  and  value, 

100,  .527. 
Principal  publications  : 

List    of    deep    l)orings    In    XTnlted 

States,  80.      * 
Underground    waters    of    eastern 

I'nited  States.  203. 
Water  resources  of  the  Frostburg 
and  Fllntstone  quadrangle,   Ma- 
ryland and  West  Virginia,  427. 
Water    resources   of   the   Nicholas 

quadrangle,  8. 
Water    resources    of    the    Pawpaw 
and  Hancock  quadrangles.  West 
Virginia,    Maryland,    and    Penn- 
sylvania, 630. 
Springs  : 

Mineral  springs,  list  of,  203. 
Springs  in  general : 
Analyses.  630. 
Descriptions,  8.  203,  639. 
Distribution.  427. 
Temiierature,  630. 
I'nderground  waters : 
Occurrence : 

Descriptions,  8,  630. 
Formations  : 

Greenbrier,  427. 
Ilelderberg,  427. 
Systems,    Carlwnlferous,    427. 
Uses   of  underground   waters,   springs, 

public  supplies,  427. 
^'     '  prospects,  427. 
Wells  : 

Art  (Milan  wells,  descriptions,  8,  203, 

427. 
Wells  In  general,  descriptions,  8. 
Wisconsin. 

Bibliographies  containing  references  to 
underground  waters,  89,  204,  681 
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Wisconsin — Continued. 
Mine  wnters.  302. 
Mineral  springs,  list  of,  581. 
Mineral  waters,  production  and  value, 

100,  527. 
Ore  deposits,  part  of  underKround  wa- 
ters in  formation  of,  113,391,302. 
Principal  publications : 

List    of    deep    borings    in    United 

States,  89. 
Underground    waters    of    eastern 

United  States,  581. 
Water    resources    of    the    Mineral 
Point  quadrangle,  220. 
Springs,    descriptions,  220,  581. 
Underground  waters : 
Circulation,  302. 
Composition,  581. 
Occurrence : 

Descriptions,    229,    392.    472, 

690. 
Formations  ^ 

Galena,  229,  581. 
Low^er  Magneslan,  581. 
Niagara,  581. 
Platteville,  229. 
Potsdam,  229,  581. 
St.  Peters.  229.  581. 
Trenton.  581. 
Materials : 

Crystalline  rocks.  000. 
Drift.  581. 
X'^ses  of  underground  waters : 
SprlngH.  power.  581. 
Wells,  private  supplies.  581. 
Wells : 

Artesian    wells,    descriptions,    170, 

5S1. 
Wells  In  general  : 

Descriptions,  SO.  407. 
Ueeonls,  407. 
Statistics.  SO,  407. 
Wyoming. 

Absorption  of  water  by  caves.  lOS. 
Absorption  of  water  of  streams,  lOS. 
Artesian  condltloii.s,  Hi),  HI. 
Artesian  water  map.  04. 
Hlbllo,j:nipliles  containing  references  to 

underground   waters.  SO.  L*04. 
Brine  spriuirs.  S7. 
Law    relatluy:    to    seepage    fr<»m    canals. 

104. 
Mineral  waters  : 

Coinposillon,  72. 
rroducllon  and  value,  loo.  r»L*7. 
rrlncipal  publications  : 
Aladdin  foll«»,  04. 
(;«'oloKy     and     water    resources    of 

the  central  (ireat   IMalns,  S7. 
List    of    deep    borlnp?    In    Inltcil 

States.  SO. 
Sundance  folio,  SG. 


Wyoming — Continued. 
Return  seepage,  662. 
Seepage  from  canals,  181. 
Seepage  through  dams,  703. 
Seepage,  measurement  of,  181, 182 
Springs : 

Analyses,  87. 
Descriptions,  86. 
Relation  to-fault,  72. 
Subsurface  dams,  703. 
T Underground  waters : 
Occurrence : 

Descriptions,  87. 
Formations : 

Chadron,  87. 
Dakota.  86,  87, 94. 
Deadwood,  86,  94. 
Lakota,  86, 94. 
Laramie,  87. 
Minnekahta,  86. 
Mlnnelusa,  86,  94. 
I'ahasapa,  86,  94. 
Sundance,  87. 
Systems : 

Cretaceous,  87. 
Jurassic,  87. 
Tertiary,  87. 
T'ses  of  underground  waters : 
Infiltration  galleries,  703. 
Wells,  307,  703. 
Wells  : 

Conditions  relative  to,  94. 
Descriptions : 

Artesian  wells,  87,  307. 
Wells  in  general,  89, '407. 
Records,  87.  407. 
Statistics.  87.  89,407. 
Whitehorn     sandstone.      See     Underground 

waters,  occurrence  of. 
Windmills.     See  Pumping. 
Windward   Islands,  thermal  springs,  271. 
Winslow  sandstone.     See  Underground  wa 

ters.  oc<-urrence  of. 
Work  of  United  States  (teological  Survey. 
Collection  of  samples.  193,  670,  680. 
('(dlectlon  of  well  records,  193,  680. 
Fluctuation    of    water    table    In    Cali- 
fornia,  lm;. 
T'nderirround  waters,  101,  193,  204,  205, 
r»S4.  070.  «»SO. 


Yellowstone  National  Park. 
Sprln;,'  <leposlts.  Os7. 
W<uk  <»f  underuround  waters  in  forma- 
tion of  natural  bridges.  50. 
W(»rk   of   W.    II.   WetHl   on   hot  springs. 
07!».  <>so. 
Yellville    dolc.niltc.     See    Underground    wa- 
ters, occurrence  of. 
Yield.     See   Discharge. 


CLASSIFICATION  OF  THE  PUBLICATIONS  OF  THE  UNITED  STATES  GEOLOGICAL 

SURVEY. 

[Water-Supply  Paper  No.  168.] 

The  serial  publications  of  the  United  States  Geological  Survey  consist  of  (1 )  Annual 
Reports,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
Resources,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of  United 
States — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  the  United  States — 
folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publication;  the 
others  are  distributed  free.    A  circular  giving  complete  lists  may  be  had  on  application. 

Most  of  t)ie  above  publications  may  be  obtained  or  consulted  in  the  following  ways: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
may  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  A  cerffin  number  are  delivered  to  Senators  and  Representatives  in  Congress  for 
distributioQ. 

3.  Other  copies  are  depositee!  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  fronj  whom  they  may  l)e  had  at  prices  slightly  above  cost. 

4.  Copiev  of  all  Government  publications  are  fumisheil  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  may  be  con- 
sulted by  those  interesteil. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  t4^^)tal  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petn^raphy  and  mineralogy;  E,  Chemistry  and 
physics;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water  stor- 
age; K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investiga- 
tions; N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reporta 
This  paper  is  the  fifty-ninth  in  Series  O,  the  complete  list  of  which  follows  (PP=Pro- 
fessional  Paper;  B=Bulletin;  WS=AVater-Supply  Paper) : 

SERIES  O,  UN DERO ROUND  WATERS. 

YiS     4.  A  reconnaiKsance  in  HoiitheaNteni  WaMhington,  by  I.  C.  Rukm.>11.    1897.    96  pp.,  7  pU.    (Out  of 

•took.) 
WS     6.  Underground  waters  of  nouth western  Kansa.s,  by  EnumuN  Hawnrth.    1897.    65  pp.,  12  pis. 

(Out  of  stock.) 
WS     7.  Beepoge  waters  of  northern  Utah,  by  Samuel  Fortier.    1897.    60  pp.,  3  pis.     (Out  of  stock.) 
WS    12.  Underground  waters  of  »<mthea«t<»rn  Nebraska,  by  N.  H.  Darton,    1898.    66  pp.,  21  pis.     (Out 

of  stock.) 
WS   21.  Wells  of  northeni  Indiana,  by  Frank  Leverett.    1899.    82  pp..  2  pis.     (Out  of  stock.) 
WS   ».  Wells  of  southern  Indiana  (continuation  of  No.  21),  by  Frank  Leverett.    1899.    64  pp.     (Out 

of  stock.) 
WS   80.  Water  rewumfCH  of  the  lower  peninsula  of  Michigan,  by  A.  ('.  Lane.    1H99.    97  pp.,  7  pK     (Out 

of  stock.) 
WS   31.  Lower  Michigan  mineral  waters,  by  A.  ('.  Lane.    1899.    97  pp.,  i  pis.     (Out  t»f  .Hto<k.) 
WS   34.  Geok)gy  and  water  resources  of  a  {Nirtion  of  southeastern  South  Dakota,  by  J.  E.  Todd.    1900. 

34  pp..  19  pis. 
WS   63.  Geology  and  water  rcsoun'es  of  Nez  Terces  County,  Idaho,  IM.  I,  by  I.C.  Russell.    1901.    86 

pp..  10  pis.     (Out  of  sttH-k.) 
WS   54.  Geology  and  water  ri'sonrccs  of  Nez  Terces  County,  Idaho,  Vi.  11,  by  I.  C.  Russell.    1901. 

87-1-il  pp.     (Out  of  sjock.)  i 

m 
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WS  56.  Geology  and  water  resources  of  a  portion  of  Yakima  County,  Wanh.,  by  G.  O.  Smith.   1901 

68  pp..  7  pla.     (Out  of  stock. ) 
WS  67.  Preliminary  li»t  of  deep  borings  in  the  United  States,  Ft.  I,  by  N.  H.  Darton.    1902.    60pp. 

(Out  of  stock. ) 
WS   59.  Development  and  application  of  water  in  southern  (California,  Pt.  I,  by  J.  B.  Llppincott   1902. 

95  pp.,  11  plH.     (Out  of  stock.) 
W*S   60.  Development  and  application  of  water  in  southern  Califoniia,  Pt.  II,  by  J.  B.  Lippinoott 

1902.    96-140  pp.    (Out  of  stack.) 
WS   61.  Preliminary  li.st  of  deep  borings  in  the  United  States,  Pt.  II,  by  N.  H,  Darton.    1902.    67  pp. 

(Out  of  stock.) 
WS   67.  The  motions  of  underground  waters,  by  C.  S.  Slichter.    1902.    106  pp.,  8  pis.    (Out  of  stook.) 
B     199.  Geolog>-  an<l  water  resources  of  the  Snake  River  Plains  of  Idaho,  by  I.  C.  Russell.    1902.    192 

pp.,  26  pis. 
WS   77.  Water  resourc-es  of  Molokai,  Hawaiian  Islands,  by  Waldemar  Llndgren.    1903.    62  pp.,  4  pU. 
WS  78.  Preliminary  report  on  artesian  basin  in  southwestern  Idaho  and  southeastern  Oregon,  by  I.  C. 

Russell.    1903.    53  pp.,  2  pis. 
PP    17.  Preliminary  report  on  the  geology  and  water  resources  of  Nebraska  west  of  the  one  hundred 

and  third  meridian,  by  N.  H.  Darton.    1903.    69  pp.,  43  pis. 
WS  90.  Geology  and  water  resources  of  a  part  of  the  lower  James  RiVer  Valley,  South  Dakota,  by 

J.  £.  Todd  and  C.  M.  Hall.    1904.    47  pp.,  23  pis. 
WS  101.  Underground  waters  of  southern  LouL«:iana,  by  G.  D.  Harris,  with  di&cuadonsof  their  uses  for 

water  supplies  and  for  rice  irrigation,  by  M.  L.  Fuller.    1904.    98  pp.,  11  pla. 
WS  102.  Ck)ntributions  to  the  hydrology  of  eastern  United  States,  1903,  by  M.  L.  Fuller.    1904.    522  pp. 
WS  104.  Underground  waters  of  Gihi  Valley,  Arizona,  by  W.  T.  Lee.    1904.    71  pp.,  5  pis. 
WS  110.  Ck)ntributions  to  the  hydrology  of  eastern  United  States,  1901;  M.  L.  Fuller,  geologist  in 

charge.    1904.    211  pp.,  5  pis. 
PP    82,  Geology  and  underground  water  resources  of  the  central  Great  Plains,  by  N.  H.  Darton.    1904. 

433  pp.,  72  pis.     (Out  of  stock. ) 
WS  111.  Preliminary  report  on  underground  waters  of  Washington,  by  Henry  Landes.    1904.    85  pPm 

Ipl. 
WS  112.  Underflow  tests  in  the  drainage  basin  of  Los  Angeles  River,  by  Homer  Hamlin.    1904. 

55  pp.,  7  pis. 
WS  114.  Underground   waters  of  eastern   United  States:  M.   L.  Fuller,  geologist  in  charge.    1904. 

285  pp.,  18  pis. 
WS  118.  Geology  and  water  resources  of  east-central  Washington,  by  F.  C.  Calkins.    1905,    96  pp., 

4  pis. 

B     252.  Preliminary  report  on  the  geology  and  water  resources  of  central  Oregon,  by  I.  C.  Russell. 

19ax    138  pp.,  24  pl«. 
WS  120.  Bibliographic  review  and  index  of  paix.*ra  relating  to  undergrtMind  waters,  published  by  the 

United  States  Geological  Survey,  1879-1901,  by  M.  L.  Fuller.  19a5.  128  pp. 
WS  122.  Relation  of  the  law  to  underground  waters,  by  1).  W.  .lohnson.  1905.  55  pp. 
WS  123.  Geology  and  underground  water  conditions  of  the  Jornada  del  Muerto,  New  Mexico,  by  C.  R. 

Keyes.    1905.    42  pp.,  9  pis. 
WS  136.  Underground  waters  of  the  Salt  River  Valley,  by  W.  T.  Let-.     1905.    194  pp.,  24  pis, 
B     264.  Record  of  deep-well  drilling  for  190^1,  by  M.  L.  Fuller,  K.  F.  Lines,  and  A.  C.  Veatch.     1905. 

106  pp. 
PP     44.  Underground  water  resources  of  Long  Island,  New  York,  by  A.  ('.  Veatch  and  others.     1906. 

39-1  pp.,  34  pis. 
WS  137.  Development  of  underground  waters  in  the  eastern  cojisuil  plain  region  of  southern  California, 

by  W.  C.  Mendenhall.     im'>.     140  pp..  7  pis. 
WS  i:vs.  Devel(»pmentof  underground  waters  ill  the  central  roastnl  plain  region  of  stnithem  California, 

by  W.  C.  Mendenhall.     lya').     UV2  pp..  o  pis. 
WS  139.  Development  of  underground  waters  in  tin*  western  coastal  plain  region  of  southern  California, 

by  W.  C.  Mendenhall.     19(>r).     10.'»  pp.,  7  pis. 
WS  140.  Field  measurements  of  the  rate  of  movement  of  underground  waters,  by  C.  S.  Slichter.     1905. 

12-J  pp..  15  pis. 
WS  141.  Obs«'rvations  on  the  grouiul  waters  of  Uio  (Jmnde  Vallev,  bv  C.  S.  Slichter.    1905.    83  pp., 

5  pis. 

WS  112.  Hydrology  of  San  Bernardino  Valley,  California,  by  W.  ('.  Mendenhall.     19a5.    124  pp.,  18  pis. 
WS  14.').  C(»ntributions  to  the  hydrology  of  eastern   rnite<i  States;  M.  L.  Fuller,  geologist  in  charge. 

I'.MIn.     2-20  i.p.,  6  pis. 
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UNDERGROUND  WATERS  OF  TENNESSEE  AND  KENTUCKY 

WEST  OF  TENNESSEE  RIVER  AND  OF  AN 

ADJACENT  AREA  IN  ILLINOIS. 


By  L.  C.  Glenn. 


IXTROIWCTION. 

In  this  report  is  described  an  area  in  western  Tennessee  and  Ken- 
tucky and  southern  IlHnois  in  which  the  surface  formations  are  for 
the  most  part  unconsoHdated  deposits  that  were  laid  down  in  an 
embayment  of  the  great  sea  that  once  existed  in  the  Mississippi  Val- 
ley. In  Tennessee  this  embayment  area  includes  the  portion  of  the 
State  between  Mississippi  and  Tennessee  rivers  with  the  exception  of 
a  narrow  strip  along  the  west  bank  of  Tennessee  River.  In  Kentucky 
it  includes  all  of  the  State  west  of  Tennessee  River  with  the  exception 
of  a  narrow  strip  that  extends  along  the  west  bank  almost  to  Paducah. 
In  Illinois  it  includes  a  large  part  of  Massac,  Pulaski,  and  Alexander 
counties. 

A  part  of  the  summer  of  1903  was  spent  in  field  work,  and  since 
that  time  several  trips  have  been  made  across  various  portions  of  the 
area.  Much  information  has  been  obtained  by  correspondence  with 
owners  of  wells  and  springs  and  with  well  drillers.  The  Illinois  por- 
tion of  the  area  did  not  receive  as  much  study  as  the  others,  but  the 
data  obtained  are  of  sufficient  value  to  warrant  their  inclusion. 

SOURCE  OF  UNDERGROUND  WATER. 

With  the  exception  of  deep  underground  supplies  from  porous  beds 
that  have  received  their  water  where  they  rise  to  the  surface,  perhaps 
many  miles  distant,  the  water  supply  of  any  region  is  abundant  or 
deficient,  constant  or  variable,  in  accordance  with  the  character  of  the 
rainfall.  Only  a  part  of  the  rainfall  contributes  to  the  underground 
water  supply.  The  total  precipitation  may  be  divided  most  conven- 
iently into  three  portions.  One  portion  runs  down  the  surface  slopes 
and  flows  into  the  streams  and  to  the  sea.  A  second  portion  is 
absorbed  by  the  soil  and  fills  the  pores  and  cracks  in  the  solid  rocks 
and  the  interstices  in  the  loose  sands  and  clays,  and  thus  saturates  all 
the  strata  that  arc  at  no  great  depth  beneath  the  surface.  The  upper 
limit  of  this  saturation,  or  the  water  table,  is  not  a  plane,  but  a  modi- 
fied reproduction  of  the  actual  surface.     It  rises  beneath  hills,  though^ 


8         UNDERGROUND    WATERS:    TENNESSEE,  KENTUCKY,   ILLINOIS. 

not  SO  steeply  as  the  hills,  and  sinks  beneath  valleys,  though  oft^n  so 
much  less  abruptly  that  it  intersects  the  valley  slope.  Where  the 
water  table  does  not  he  too  far  beneath  the  surface  it  may  be  reached 
by  digging  wells.  Where  it  intersects  the  surface  it  produces  springs 
or  marshes.  From  these  springs  a  part  of  the  absorbed  portion  of  the 
rainfall  flows  to  the  streams  in  the  same  manner  as  the  portion  that 
runs  off  directly  during  and  for  a  short  time  after  rains,  and  except 
this  amount  furnished  by  direct  run-off,  the  supply  from  springs  is 
the  sole  dependence  of  the  surface  streams.  A  third  portion  of  the 
rainfall  is  temporarily  absorbed  by  the  earth  or  held  by  the  covering 
of  leaves  and  vegetation  to  be  evaporated  again  by  the  sun  either 
directly  or  by  transpiration  through  plant  growth. 

The  water  resources  of  the  region  discussed  in  this  paper  are  very 
largely  dependent  on  its  rainfall.  The  springs  and  shallow  wells 
derive  their  supplies  exclusively  from  the  rain  falling  in  their  immedi- 
ate vicinity,  while  the  strata  from  which  the  deep  wells  obtain  water, 
though  in  many  cases  not  reached  by  the  immediately  local  rainfall, 
are  supplied  by  rain  that  falls  within  the  limits  of  the  region  or  in 
the  region  just  west  of  Mississippi  River  in  which  Gulf  embayment 
deposits  also  occur.  In  only  a  very  few  cases  do  deep  wells  pierce 
the  hard  rocks  that  lie  beneath  the  soft  sands  and  clays  of  the  embay- 
ment deposits  and  derive  their  water  from  rain  which  has  fallen 
where  these  hard  rocks  outcrop,  beyond  the  Gulf  embayment  area. 

AIITESIAN  CONDITIONS. 

GENERAL  STATEMENT. 

The  requisite  conditions  for  the  occurrence  of  artesian  wells  in  any 
region  are  few,  simple,  and  easily  understood.  It  is  often  difficult, 
however,  to  ascertain  whether  a  given  region  meets  all  the  necessary 
conditions.  In  apy)lying  the  principles  of  artesian-well  occurrence  to 
particular  localities  numerous  subsidiary  problems  may  arise  that  may 
greatly  modify  results  and  much  uncertainty  may  exist  as  to  the  exact 
geologic  conditions  present.  The  re(|uisito  conditions  have  been  for- 
nuilated  by  T.  C.  ('hamberlin '*  as  follows: 

1.  A  porvious  stratum  to  permit  tlio  <»ntrance  and  th<»  passnj::*'  of  tho  water. 

2.  A  wator-tijjbt  hod  ])elow  to  prevent  the  escape  of  (he  water  (iownward. 

3.  A  Hke  impervious  hed  ahove  to  prevent  e.seap(»  upward,  for  the  water,  being  under 
pressure  from  the  fountain  head,  would  otherwise  find  rehef  in  that  direction. 

4.  An  inchnation  of  these  beds,  so  that  the  edjre  at  whicli  tlie  waters  enter  will  be  higher 
tlian  the  surface  at  the  well. 

5.  A  suitable  e.xposure  of  the  edge  of  the  porous  stratum,  so  that  it  may  take  in  a  suffi- 
cient suj)ply  of  water. 

(>.  An  ade(|uate  rainfall  to  furnish  this  supply. 

7.  An  absence  of  any  escape  for  the  water  at  a  lower  level  than  the  surface  at  the  well. 


a  Fifth  Ann.  Rept.  U.  8.  Geol.  Survey,  isM,  pp.  134-13r>. 


ABTE8IAN   CONDITIONS. 


WATER-BEARING  BEDS. 


In  close-grained  strata  like  limestones  water  is  found  in  cracks, 
fissures,  and  irregular  cavities;  in  open-grained  rocks  like  sandstones, 
sands,  and  gravels  it  occurs  in  the  pores  and  interstices  between  the 
rock  particles.  In  the  region  under  consideration  all  the  rocks 
through  which  waters  freely  pass  are  open-grained  sands  and  gravels. 
The  size  of  the  rock  particles  varies  greatly,  however,  ranging  from 


FiQ.  1.— Section  showiDg  principal  requisites  of  artesian  wells,  il,  a  porous  stratum;  B,  C  imper- 
vious beds  below  and  above  A,  acting  as  confining  strata;  F,  height  of  water  level  in  porous 
bed}  A,  or.  in  other  words,  height  in  reservoir  or  fountain  head;  D,  K,  flowing  wells  springing 
from  the  porous  water-filled  bed  A . 

fine  silty  sands,  through  which  water  flows  slowly  and  with  difficulty, 
to  very  coarse  sands,  fine  gravels,  or  even  cobbles  in  exceptional 
cases,  which  yield  their  water  supplies  freely.  The  loose,  porous 
water-bearing  beds  of  the  region  are  the  Lagrange  sands,  the  Ripley 
sands,  and  the  Eutaw  sands,  each  of  which  is  described  in  detail. 
The  areal  occurrence  of  each  is  shown  by  the  geologic  map  (PI.  I). 


Fio.  2.— Section  illustrating  thinning  out  of  porous  water-bearing  bed  A^  inclosed  between  imper- 
vious beds  B,  C,  thus  furnishing  conditions  for  artesian  well  at  D,  but  not  at  E. 

As  the  dips  are  westward  each  formation  occurs  as  an  underground 
bed  in  all  of  the  area  west  of  its  outcrop. 

Immediately  underlying  the  entire  area  is  a  floor  of  hard,  close- 
grained  rocks  which  in  some  places  are  sufficiently  seamed  and 
fissured  to  furnish  a  supply  of  artesian  water.  The  drill  has  pierced 
these  hard  beds  underlying  the  loose  embayment  deposits  in  only  a 


Pig.  3.— Section  showing  transition  from  porous  to  impervious  bed. 
between  impervious  beds  B  and  C,  an  artesian  well  is  obtained  at  D. 
vious  and  water  can  rot  be  obtained. 


As  the  bed  A  is  inclosed 
At  E,  however.  A  is  imper- 


few  places  around  the  edges  of  the  area,  where  the  old  rock  floor  is 
not  deeply  covered  by  the  later  deposits,  as  at  Corinth,  Miss.;  Lex- 
ington, Tenn.;  Paducah  and  Wickliffe,  Ky. ;  Cairo,  111.;  and  More- 
house, Mo.  At  some  of  these  places  the  underlying  hard  beds  are 
fissured  and  yield  water;  at  others  they  are  without  notable  fissures 
and  yield  little  or  none.  A 
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CONFINING  BEDS. 

Both  above  and  below  the  water-bearing  bed  there  must  be  beds  of 
impervious  material  that  prevent  the  escape  of  the  water  by  natural 
means.  The  imprisoned  water  thus  accunuilates  under  pressure  imtil 
the  impervious  cover  is  pierced  by  the  drill. 

The  presence  of  an  impervious  bed  directly  beneath  the  porous 
water-bearing  stratum  is  not  so  important  as  that  of  one  over  it, 
since,  if  the  underlying  bed  does  permit  the  passage  of  water  through 
it,  the  escape  is  downward  and  lower  impervious  beds  are  abnost  sure 
to  be  reached  in  a  short  distance,  so  that  usually  the  ultimate  escape 
of  the  water  is  prevented. 

In  the  region  under  discussion  the  lowest  water-bearing  bed  of 
the  embayment  deposits  over  a  considerable  though  as  yet  not  accu- 
rately delimited  portion  of  the  area  is  the  Eutaw  sand.  Beneath  it 
are  cherts,  limestones,  shales,  or  sandstones  of  Paleozoic  age  that  at 
some  places  are  impervious.  At  other  places  they  are  seamed  or 
fissured,  but  th^  water  received  from  overlying  beds  does  not  escape 
either  along  the  seams  or  downward,  as  is  shown  by  the  great  rise 
of  the  water  in  wells  that  enter  these  fissured  beds. 

The  fine  close-grained  days  of  the  Selma  clay  form  an  impervious 
cover  above  the  Eutaw  sand  and  an  im])orvious  floor  for  the  overly- 
ing Ripley  sands.  The  Porters  Cre(»k  clays  form  both  an  impervious 
cover  for  the  Rij)lev  sands  beneath  theiu  and  an  impervious  floor 
for  the  pervious  Lagrange  sands  above  them. 

DIP. 

The  (lip  of  the  Paleozoic  iloor  upon  which  the  embayment  sands 
and  clays  rest  is  westward  in  Tenuessco;  hut  to  the  north,  toward 
the  head  of  the  einbaynient,  th(^  dip  gnulually  changes  to  south- 
westward  in  Kentucky,  and  iinally  becomes  southward  in  southern 
Illinois,  at  the  northern  nuirgin  of  the  deposits.  Farther  west, 
across  southeastern  Missouri  and  (»aslern  Arkansas,  it  is  southeast- 
ward. Tlie  rock  floor  in  tlie  northern  |)art  of  the  embayment  is 
conse(|uently  spoon-shaped,  with  tlie  tip  of  the  spoon  extending 
northward  into  southern  Illinois  and  its  eastern  half  underlying 
western  TcMuiessee  and  KcMitucky. 

While  not  much  is  known  of  tlu*  structure  of  this  Paleozoic  floor, 
because  few  borings  have  penetrated  it,  a  study  of  the  borings  and 
.  of  the  beveled  surface  in  visible  contact  with  the  embayment  deposits 
around  their  margin  indicates  that  the  shape  of  tlie  floor  is  not  the 
result  of  downward  folding  of  one  stratum  or  series  of  strata,  but 
is  due,  at  least  mainly,  to  erosion  which  occurred  while  the  Paleozoic 
rocks  formed  the  actual  surface  of  the  region,  before  the  emba^anent 
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deposits  had  been  laid  down.  The  sands  and  clays  of  the  northern 
half  of  the  embayment  were  deposited  in  successive  strata  upon  this 
rock  floor.  They  accordingly  dip  westward  in  Tennessee,  westward 
and  southwestward  in  Kentucky,  and  southward  in  Illinois,  in  con- 
formity with  the  dips  of  the  underlying  Paleozoic  surface. 

The  rocks  dip  somewhat  more  steeply  near  their  outcropping 
edges  than  they  do  farther  out  in  the  embayment  area.  The  dip  of 
the  Selma  clay  from  its  eastern  edge  near  Tennessee  River  westward 
to  Selmer,  Tenn.,  is  about  25  feet  per  mile.  The  westward  dip  of 
the  Lagrange  beds  from  their  eastern  edge  east  of  Saulsbury,  on  the 
Southern  Railway,  to  Memphis  is  about  22  feet  per  mile.  The  south- 
western dip  of  the  Paleozoic  floor  from  Paducah  to  Hickman,  Ky.,  is 
about  27  feet  per  mile,  and  its  southern  dip  from  a  point  near  Ullin 
to  Cairo,  111.,  is  about  27  feet  per  mile. 

EXPOSURE  OF  POROUS  STRATA. 

The  porous  strata  that  may  furnish  artesian  water  are  the  Eutaw 
sand,  the  Ripley  sand,  and  the  Lagrange  sand.  The  Eutaw  sand 
lies  immediately  on  the  Paleozoic  floor  and  outcrops  along  the  east- 
ern edge  of  the  area  discussed  in  a  belt  that  varies  from  less  than  a 
mile  to  about  8  miles  in  width  and  extends  northward  from  the 
Mississippi  line  about  halfway  across  the  State  of  Tennessee. 

The  Ripley  sands  outcrop  in  a  belt  that  varies  from  5  to  15  miles 
in  width.  This  belt  is  situated  some  distance  west  of  and  parallel  to 
the  outcrop  of  the  Kutaw  sand  as  far  north  as  the  Eutaw  and  the 
intervening  Selma  clay  extend  as  surface  formations.  About  half- 
way across  the  State  of  Tennessee  the  two  older  formations  disap- 
pear, and  thence  northward  across  western  Kentucky  and  into  south- 
ern Illinois  the  Ripley  sands  rest  on  the  underlying  Paleozoic  rocks, 
and  consequently  outcrop  in  a  belt  immediately  west  of  them.  In 
Kentucky  this  belt  averages  about  6  miles  in  width,  but  it  narrows 
considerably  near  Paducah  before  passing  into  Illinois.  In  Illinois 
exposures  are  ])()()r  and  rare,  so  that  the  width  of  the  Ripley  outcrop 
is  difficult  to  determine,  but  it  would  seem  to  be  as  great  as  the  aver- 
age in  Kentucky. 

Though  the  Eutaw  and  Ripley  formations  outcrop  in  narrow  belts, 
these  belts  are  wide  enough  to  absorb  many  times  as  much  water 
as  will  be  reciuired  to  supply  any  prospective  demand. 

The  Lagrange  sand  forms  the  surface  of  more  than  half  the  entire 
area  under  cons'  oration,  so  that  there  can  be  no  question  as  to  the 
sufliciency  of  tlw  sui)])ly  of  water  absorbed  by  it.  This  formation, 
however,  does  not  conform  strictly  to  the  conditions  of  a  porous 
artesian  stratum,  as  do  the  two  lower  formations,  the  Ripley  and 
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Eutaw,  since,  except  locally  in  the  western  part  of  the  area,  as  at 
Memphis,  it  is  not  overlain  by  an  impervious  bed  to  prevent  the 
upward  escape  of  the  water,  but  forms  the  surface  of  the  country  in 
the  ai*ea  of  its  occurrence  save  for  the  thin  and,  as  confining  beds, 
unimportant  deposits  of  Lafayette  gravel  and  Columbia  loess  and 
loam. 

RAINFALL. 

As  the  supply  of  underground  w^ater  is  dependent  on  the  rainfall, 
the  amount  and  distribution  of  the  latter  is  very  important.  The 
following  table  has  been  prepared  from  the  records  of  the  United 


Fig.  4.— Diagram  showing  graphlcttUy  the  monthly  average  rainfall  in  the  areA  discussed. 

States  Weather  Bureau  to  show  the  average  monthly  rainfall  at  a 
number  of  ])laces  in  and  near  the  area  here  discussed.  The  monthly 
average>5  are  shown  graphically  in  fig.  4. 

Monthly  rainfall,  in  inrhfs,  at  Wtather  Burenti  stationji  in  the  emhayment  area. 
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The  average  annual  rainfall  varies  from  a  minimum  of  about  43 
inches  yearly,  as  at  Center  Point,  Tenn.,  and  Cairo,  111.,  to  a  maxi- 
mum of  about  52  or  53  inches,  as  at  Savannah  and  Memphis,  Tenn. 
The  general  average  for  the  entire  region  is  between  47  and  48  inches. 

The  monthly  distribution  is  not  uniform  throughout  the  year. 
While  the  monthly  average  for  the  year  is  3.92  inches,  from  July  to 
October  it  is  only  2.17  inches,  and  from  November  to  March  it  is  5.90 
inches.  The  driest  part  of  the  year  is  the  late  summer  and  fall ;  the 
wettest  is  the  winter,  especially  the  latter  part  of  it.  Streams  and 
ponds  are  in  consequence  lowest  in  the  late  fall  and  in  some  cases 
become  entirely  dry.  They  are  highest  in  late  winter  and  very  early 
spring.  In  many  cases  shallow  wells  are  also  affected  almost  as 
directly  as  the  ponds  and  streams.  During  the  long,  dry  fall  the 
water  may  get  low  or  fail  altogether,  while  during  winter  and  spring 
the  supply  is  most  abundant,  and  in  some  wfells  the  water  rises  to  the 
surface. 

Deep  wells  receiving  their  supply  from  surface  sources  which  may 
be  many  miles  distant  are  not  measurably  affected  by  the  seasonal 
variations  in  rainfall,  and  furnish  an  almost  unvarying  supply. 
Springs  may,  like  deep  wells,  be  unaffected  by  variations  in  the  rain- 
fall, or  the  ground-water  level  from  which  they  derive  their  supply 
may  be  so  near  the  surface  that  when  it  is  lowered  during  prolonged 
dry  weather  the  flow  of  the  springs  naturally  diminishes  or  even 
entirely  ceases. 

ABSENCE  OF  LOWER  ESCAPE. 

Eutaw  and  Ripley  formations. — For  water  to  rise  and  flow  from  a 
deep  well  there  must  be  no  means  of  escape  at  a  lower  level.  The 
Eutaw  and  Ripley  formations  are  not  known  to  outcrop  except  along 
their  elevated  edges  on  or  near  the  margin  of  the  embayment  deposits. 
To  the  south,  toward  the  Gulf  of  Mexico,  along  the  deepest  portion  of 
the  erosion  trough  in  which  they  are  deposited,  the  dip  carries  them 
farther  from  the  surface;  but  it  is  highly  probable  that  they  either 
pass  into  finer  grained  impervious  beds  or  are  overlapped  and  sealed 
up  by  other  fine-grained  strata,  so  that  there  is  no  free  escape  south 
ward  of  the  waters  that  enter  their  exposed  edges  along  the  belt  of 
outcrop.  The  waters  thus  imprisoned  fill  the  pore  space  in  the  beds 
up  to  the  level  of  the  ground  water  in  the  area  of  their  outcrop,  and  so 
exert  a  pressure  on  all  lower  parts  of  the  beds  that  forces  the  water  in 
deep  wells  up  nearly  to  the  outcrop  level.  The  amount  by  which  the 
water  in  a  well  falls  short  of  this  level  depends  on  the  friction  or  resist- 
ance to  the  flow  through  the  water-bearing  bed,  which  is  determined 
by  the  distance  the  water  flows  from  its  point  of  entrance  into  the  bed 
and  by  the  coarseness  or  fineness  of  the  materials  of  which  the  bed  is 
composed.  .  A 
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Ldgrange  formation. — The  La^angc  either  outcrops  over  much  of 
the  re^on  or  is  covered  by  only  a  few  feet  of  Lafayatte  or  Columbia 
deposits.  Its  contained  waters  consequently  escape  wherever  the 
ordinary  ground-water  level  intersects  the  surface,  and  they  rise  in 
deep  bore  holes  to  about  the  level  of  the  ground  water.  The  forma- 
tion contains  beds  of  close-grained  sands  and  impermeable  clays  that 
may  extend  over  considerable  areas  and  confine  the  waters  beneath 
under  such  pressure  that  they  may  rise,  when  these  beds  are  pierced 
by  the  drill,  to  a  level  somewhat  lower  or  higher  than  that  of  the  local 
ground  water,  owing  to  the  local  lack  of  free  vertical  communication 
and  circulation  and  to  the  more  intimate  connection  of  the  lower 
coarser  beds  with  some  distant  part  of  the  formation  whose  elevation 
determines  the  pressure  at  the  boring.  Hence  a  partial  escape  only  is 
found  for  the  contained  waters  of  the  Lagrange.  Under  certain  con- 
ditions wells  sunk  to  porous  strata  in  this  formation  may  flow  with 
slight  heads.  No  great  surface  pressure  is  obtainable  anywhere  in  it, 
or  indeed  in  any  of  the  other  water-bearing  formations  in  the  area 
under  consideration,  since  the  difference  in  level  between  the  distant 
source  and  the  surface  exit  at  the  well  mouth  can  not  anywhere  be 
great,  because  there  are  no  great  differences  in  surface  elevation  in  the 
general  region.  The  relation  of  these  various  beds  to  artesian  condi- 
tions is  shown  in  fig.  7. 

puysicatj  featurks  of  region. 

EMBAYMENT  AREA  IN  TENNESSEE  AND  KENTUCKY. 
TOPOORAPHIC    TYPES. 

General  cMracter. — The  surface  of  the  part  of  Tennessee  and  Ken- 
tucky under  discussion  varies  from  a  very  flat  flood  plain  along  the 
main  rivers  and  their  principal  tributaries  to  a  gently  rolling  or  hilly 
surface  along  the  sides  of  the  valleys  and  in  the  interstream  areas. 
Occasionally  the  interstream  areas  are  level  and  i)lateau-like  and  are 
fringed  with  hills  that  have  been  carved  by  the  tributaries  of  the  adja- 
cent streams.  Generally  the  surface  is  rolling  or  moderately  hilly 
and  is  cut  into  bolder  hills  near  the  valleys  of  the  larger  streams. 
These  valle>\s  vary  from  a  fraction  of  a  mile  to  several  miles  in  width, 
and  a  large  ])art  of  each  is  the  ])resent-day  flood  ])!ain.  In  most  of  the 
valleys  there  are  also  considerable  portions  of  an  older,  higher  flood 
plain  which  is  from  2  to  20  feet  or  more  above  the  present  flood  plain, 
and  which,  especially  along  the  larger  tributaries  of  Mississippi  River 
in  Tennessee,  is  several  miles  in  width.  This  old  flood  plain  is  com- 
monly known  as  the  ''second  bottoms,"  and  is  generally  separated 
from  the  present  flood  plain  by  a  steep,  well-marked  scarp. 

The  types  of  surface  described  below  have  in  their  respective  areas 
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an  influence  on  the  local  problems  relating  to  water  resources,  the 
nature  of  which  is  set  forth  in  some  detail  on  later  pages  of  this  report. 

HiUs  qferosi&n. — An  unusually  hilly  belt  in  the  eastern  part  of  the 
Lagrange  area  extends  across  Tennessee  and  Kentucky,  though  it  is 
most  prominently  developed  in  Hardeman  and  Henry  counties,  Tenn. 
The  materials  are  soft  sands  with  lenses  of  clay  that  are  easily  eroded. 
Gullies  and  ravines  form  rapidly  in  abandoned  fields.  These  ravines 
average  not  over  20  or  30  feet  in  depth,  but  under  especially  favora- 
ble conditions  they  may  become  100  feet  deep  or  over. 

Residual  ridge. — A  ridge  half  a  mile  wide  and  between  100  and  150 
feet  high  extends  northward  from  Mississippi  into  the  southwestern 
part  of  McNairy  County,  Tenn.,  but  gradually  dies  out  to  the  north  in 
thi.«  county.  It  is  composed  of  Ripley  sands  and  clays  and  owes  its 
existence  to  the  large  amount  of  concretionary  ironstone  into  wliich 
its  sands  have  been  cemented  in  many  places  and  which  has  protected 
it  from  erosion  while  the  areas  on  either  side  have  worn  away.  This 
ridge  is  crossed  by  the  Southern  Railway  in  what  is  known  as  the  *  *  big 
cuf  just  west  of  Cypress  station. 

East  of  the  ridge  the  Eutaw  sands  and  clays  that  outcrop  along  the 
eastern  edge  of  the  embayment  in  the  southern  half  of  Tennessee  are 
in  many  places  cut  into  steep  hills,  both  because  of  the  nature  of  their 
materials  and  because  of  their  situation  on  the  short,  steep  drainage 
slope  of  Tennessee  River. 

Flatwoods. — The  surface  of  parts  of  the  belt  underlain  by  the 
Porters  Creek  clays,  in  both  Tennessee  and  Kentucky  near  the  line 
between  the  two  States,  is  of  more  than  average  flatness.  In  Missis- 
sippi this  formation  has  so  marked  a  tendency  to  produce  flat  topog- 
raphy that  it  is  there  known  as  the  Flatwoods  clay  and  the  surface 
underlain  by  it  as  the  flatwoods.  Aside  from  the  area  mentioned 
above,  its  surface  in  Tennessee  and  Kentucky  is  not  notably  flat.  In 
Illinois  it  is  not  known  to  form  any  portion  of  the  actual  surface,  being 
there  overlain  and  concealed,  except  along  the  Ohio  River  bluff  at 
Caledonia,  by  Lafayette  gravels  and  the  loess. 

Tennessee- Mississippi  divide. — The  most  elevated  part  of  western 
Tennessee  is  found  in  eastern  McNairy  County  in  a  narrow  belt 
extending  north  and  south  and  forming  the  divide  between  the  Mis- 
sissippi and  the  Tennessee  drainage.  This  divide  has  been  called  by 
Safford  the  Tennessee  Ridge.  It  averages  from  450  to  500  feet  in 
height,  though  in  places  it  reaches  an  altitude  of  about  600  feet  above 
sea  level.  It  extends  northward  parallel  to  Tennessee  River  and 
from  10  to  25  miles  west  of  it.  As  this  ridge  is  near  Tennessee  River 
it  divides  western  Tennessee  and  western  Kentucky  into  two  drain- 
age slopes  of  very  unequal  size.  The  one  to  the  east,  tributary  to 
Tennessee  River,  is  steep  and  narrow,  and  streams  that  flow  directly 
into  the  Tennessee  are  short.     In  the  northern  half  of  the  belt,  howdj 
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ever,  the  main  tributaries,  such  as  the  Big  Sandy  in  Tennessee  and 
Blood  and  CI  arks  rivers  in  Kentucky,  instead  of  entering  the  Tennes- 
see direct,  flow  parallel  to  it,  and  hence  are  much  longer  than  would  be 
expected  from  the  width  of  the  slope.  West  of  Tennessee  Ridge  the 
general  surface  slope  to  the  Mississippi  is  much  longer  and  gentler. 
The  main  streams,  such  as  Wolf,  Loosahatchie,  Hatchee,  and  Obion 
rivers  in  Tennessee  and  Bayou  de  Chien,  Obion  Creek,  and  Mayfield 
Creek  in  Kentucky,  flow  more  directly  into  the  Mississippi,  though 
Mayfield  Creek  makes  a  notable  bend  so  that  its  upper  part  parallels 
the  Mississippi,  but  flows  in  the  opposite  direction.  The  fall  per  mile 
in  all  these  streams  tributary  to  the  Mississippi  is  small,  and  they  do 
not  as  a  rule  furnish  opportunities  for  developing  water  power.  In 
places,  indeed,  their  flood  plains  are  undrained  cypress  swamps. 

From  Tennessee  Ridge  eastward  the  surface  slopes  gently,  but 
along  the  edge  of  the  Tennessee  Valley  there  is  a  rather  abrupt  drop 
of  150  to  250  feet  to  the  river  flood  plain.  Westward  from  the  divide 
the  general  surface  slope  is  toward  the  Mississippi;  but  this  statement 
is  true  in  only  a  very  broad  sense.  Everywhere  the  appreciable  slope 
is  toward  the  main  drainage  ways.  As  stated  in  the  preceding  para- 
graph, a  high  narrow  ridge  extends  northward  from  Mississippi  some 
distance  into  Tennessee  along  the  outcrop  of  the  Ripley  sands  and 
interrupts  locally  the  general  westward  slope.  Another  higher  belt 
that  extends  northward  from  the  region  of  Grand  Junction,  past 
Jackson  toward  Milan,  reaches  elevations  of  over  500  feet  on  the 
divides  between  the  streams  that  flow  westward  across  it.  This 
interruption  in  the  general  westward  slope  is  not  a  single  ridge,  but 
rather  a  belt  a  number  of  miles  in  width.  It  coincides  with  the  east- 
ern part  of  the  outcrop  of  the  soft  Lagrange  sands  with  their  inter- 
bedded  clay  lenses  that  give  in  detail  the  hilly  topography  already 
described. 

AUurial  region. — West  of  the  \'u\q  of  bluffs  which  terminates  the 
uplands  of  western  Tennessee  and  Kentucky,  along  Mississippi  and 
Ohio  rivers,  there  is  a  variable  width  of  alluvial  bottom  lands,  which 
belong  to  the  flood  ])lains  of  these  streams,  though  under  present  con- 
ditions portions  of  them  rise  as  low  ridges  or  swells  high  enough  not 
to  be  submerged  during  floods.  The  surface  of  these  bottoms  is 
either  flat, l)ro ken  by  low  ridges  a  few  feet  high, or  intersected  by  narrow 
sloughs  and  partly  filled  cliannels  in  which  water  is  found.  It  is  some- 
what higher  near  the  river  bank  and  this  part  is  largely  cleared  and 
cultivated.  Back  from  the  river,  near  the  bluffs,  the  surface  is  lower 
and  much  of  it  is  swampy  and  uncleared.  The  sl()|)e  of  the  surface  is 
about  the  same  as  that  of  the  high-water  level  of  the  Mississippi. 
This  has  an  elevation  at  Cairo  of  about  320  feet  and  at  the  Mississippi 
State  line  of  about  215  feet.  Above  Cairo  the  Ohio  flood  plain  is 
well  developed  and  wider  on  the  Kentucky  side  of  the  river  and  has 
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much  the  same  characteristics  as  the  Mississippi  flood  plain  just 
described.  Its  elevation  at  Paducah  is  about  340  feet  and  at  Cairo 
about  320  feet. 

ORIGIN    OF   THE    TOPOGRAPHY. 

Except  in  the  area  adjacent  to  Reelfoot  Lake,  in  the  northwest 
comer  of  Tennessee,  where  there  were  surface  disturbances  during 
the  New  Madrid  earthquake  of  1812,  all  surface  inequalities  found 
in  the  region  are  due  to  erosion.  The  surface  was  originally  a  plain 
of  marine  deposition  formed  beneath  the  waters  of  the  Gulf  when  it 
extended  into  southern  Illinois.  If  several  minor  episodes  of  uplift 
and  depression — probably  with  tilting  or  warping — are  disregarded 
it  may  be  said  that  this  Gulf  bottom  was  subsequently  uplifted  and 
has  since  been  thoroughly  but  not  deeply  dissected  by  the  streams 
that  have  established  themselves  on  every  part  of  it. 

Stream  adiviiies, — Because  the  elevation  was  not  great,  erosion 
has  not  been  profound.  The  streams  soon  cut  as  deeply  into  the 
surface  as  they  could  and  then  began  widening  their  valleys.  Sinco 
the  materials  are  mostly  soft  sands  and  clays,  valley  widening  and 
flood-plain  formation  have  been  relatively  rapid.  Flood  plains  on 
streams  like  the  Wolf,  the  Forked  Deer,  and  the  Obion  had  grown 
in  places  from  3  to  5  miles  or  more  wide  when  a  further  slight  uplift 
caused  the  streams  to  incise  themselves  from  a  few  feet  to  20  feet 
beneath  this  level  and  begin  the  cutting  away  of  the  old  flood  plain, 
now  called  the  second  botoms,  and  the  building  of  a  new  one  which 
has  attained  a  width  of  from  a  few  hundred  yards  to  a  mile  or  more. 
Between  the  formation  of  the  broad  ancient  flood  plain  and  the  uplift, 
which  permitted  the  cutting  of  the  present  flood  plain,  there  was  a 
brief  and  slight  depression  during  which  the  old  plain  was  sheeted 
with  a  deposit  of  loess. 

As  a  rule  the  hills  carved  from  the  old  surface  by  stream  erosion 
are  higher,  but  of  gentler  slope  near  the  main  drainage  ways,  because 
they  have  been  weathering  away  there  longest;  they  are  lower  but 
of  steeper  slope  along  the  upper  waters  of  the  tributaries,  because 
there  they  have  been  most  recently  cut. 

Nature  of  erosion  in  sandy  and  clayey  strata. — While  strata  of  soft 
sands  are  easily  eroded  into  steep-sided  hills  separated  by  narrow 
gullies  or  ravmes,  the  t()j)s  of  these  hills  do  not  waste  away  with  equal 
ease  but  remain  at  almost  their  original  altitude.  In  a  climate  such 
as  that  of  the  region  under  discussion,  two  parallel  outcrops  of  sands 
and  clays,  at  the  same  original  elevation,  will  erode  very  dilTerently. 
The  clays  are  apt  to  retain  a  reasonably  flat  surface  which  is  slowly 
lowered  by  erosion,  as,  for  instance,  in  the  belt  of  Porter's  Creek  or 
'^Flatwoods"  clays  immediately  east  of  the  Lagrange  sands.  Nearly 
all  of  the  rain  falling  on  the  clay  area  must  run  off  in  surface  streani%| 
IRR  164—06 2  * 
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Down  any  steep  slopes  that  tend  to  develop  by  stream  cutting  the 
rain  wash  would  be  great  and  such  quantities  of  material  would 
be  furnished  to  the  streams  as  would  not  only  prevent  their  cutting 
deep  channels  but  tend  to  make  them  build  flat  flood  plains.  Time 
would  witness  only  a  gradual  lowering  of  the  general  surface,  whose 
gentle  slopes  would  maintain  the  equilibrium  between  rain  wash  and 
stream  transportation. 

The  sand  area  will  be  cut  into  hills,  but  the  general  level  of  the  hill- 
tops will  remain  almost  unchanged.  All  of  the  rain  falling  on  the 
surface  would  be  directly  absorbed  as  if  by  a  blotter  and  streams 
would  not  be  formed  until  the  ground-water  level  rose  to  the  surface 
in  some  low  place.  The  stream  thus  originating  would  at  once  begin 
eroding  the  soft  sands  along  its  way.  Since  even  during  rains  such 
a  stream  would  be  fed  by  percolation  through  the  sands  rather  than 
by  run-off  from  the  surface,  it  would  be  left  free  to  deepen  its  channel 
and  carve  the  surface  into  hills,  whose  tops  and  sides  would  be  almost 
free  from  surface  rivulets  during  rains,  and  hence  would  not  be  subject 
to  rapid  wasting  and  lowering.  Soft  sands  dredged  from  the  proposed 
Nicaragua  Canal  and  left  in  steep  piles  with  surfaces  in  many  cases 
at  the  angle  of  rest  have  remained  for  several  years  almost  untouched 
by  surface  erosion,  although  the  annual  rainfall  is  over  250  inches, 
simply  because  the  rain  docs  not  run  off  on  the  surface  but  soaks  in. 

Relation  of  geology  to  surface  topography. — In  some  areas  the  char- 
acter of  the  topography  is  determined  largely  by  the  geologic  forma- 
tion outcropping.  Along  the  Mississippi  bluffs,  for  instance,  the 
surface  rises  abruptly  from  100  to  180  feet  above  the  alluvial  flood 
plain.  These  bluffs  are  cut  by  narrow  ravines,  or  ^^ gulfs,''  as  they 
are  locally  called,  into  steep-sided  hills  whose  upper  portions  are 
largely  prevented  from  weathering  back  into  gentler  slopes  by  a 
capping  of  20  to  80  feet  of  loess,  which  may  stand  under  favorable 
circumstances,  as  in  the  bluffs  overlooking  the  river,  in  vertical 
cliffs. 

Surface  vxtrjnitg. — West  of  the  outcrop  of  the  Lagrange  sands  the 
general  surface  slopes  gently  toward  Mississip|)i  Riv^er,  having  an 
average  elevation  of  about  400  feet  along  a  north-south  belt  midway 
V)etween  Tennessee  and  Mississippi  rivers  in  Tennessee  and  Ken- 
tucky. West  of  this  belt,  but  some  distance  oast  of  the  Mississippi 
bluffs,  in  an  area  about  halfway  V)etween  the  northern  and  southern 
boundaries  of  Tennessee,  the  average  elevation  is  only  about  350 
feet.  From  this  area  northward  the  surface  rises  until  along  the 
Kentucky  line  and  for  some  distance  northward  into  Kentucky  it 
has  an  average  elevation  of  from  400  to  450  feet.  South  of  the  same 
area  the  general  surface  elevation  declines  until  near  Memphis  it  is 
about  300  feet.  The  uniformity  of  the  general  westward  slope  of 
the  emba^'ment  deposits  in  Tennessee  and  Kentucky  is  thus  inter- 
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rupted  toward  Mississippi  River  by  a  warping  that  has  depressed 
the  southern  part  of  the  belt  and  raised  the  northern  part. 

Seismic  disturbance. — The  fact  that  this  more  elevated  portion  is 
near  the  area  of  maximum  disturbance  in  the  New  Madrid  earth- 
quake of  1811  and  1812  suggests  a  causal  relation  between  the  two, 
especially  since  it  is  known  that  changes  of  level  in  the  alluvial  flood 
plain  of  the  Mississippi  at  that  time  raised  a  considerable  area  of  it 
into  a  broad,  low  dome.  If  350  feet  be  somewhat  arbitrarily  assumed- 
as  the  normal  elevation  in  this  higher  area  the  objection  might  rea- 
sonably be  made  that  from  all  of  the  facts  known  in  regard  to  the 
detailed  topography  of  the  valleys  and  flood  plains  of  the  streams  of 
this  region  tributary  to  the  Mississippi,  it  is  improbable  that  scarcely 
a  hundred  years  ago  the  region  underwent  an  elevation  of  50  or  100 
feet,  else  terracing  and  ponding  would  reveal  it.  It  seems  more 
probable  to  the  writer  that  the  region  may  have  been  elevated  some 
few  feet  during  the  New  Madrid  earthquake  and  that  during  perhaps 
many  previous  earthquakes  similar  changes  of  level  occurred 'whose 
aggregate  effect  has  been  to  raise  the  general  surface  to  the  present 
level.  As  stated  in  detail  on  page  31,  there  is  evidence  that  this 
Gulf  embayment  region  was  subject  to  earthquakes  perhaps  as  early 
as  late  Eocene  time  and  probably  they  have  continued  at  intervals 
down  to  the  present  day.  In  the  same  way,  although  there  are  no 
records  of  sudden  depressions  or  other  changes  of  level  since  the 
advent  of  the  white  man,  the  general  low  level  of  the  region  near 
Memphis  may  be  due  to  depressions  during  the  same  series  of  earth- 
quake disturbances. 

The  differences  in  the  elevation  of  the  Tertiary  and  more  recent 
strata  as  exposed  in  the  Mississippi  bluffs  at  Memphis  and  at  points 
farther  north  to  beyond  Hickman,  Ky.,  indicate  that  the  region  near 
Mississippi  River  has  undergone  differential  elevation — in  other 
words,  ha^  been  warped — and  if  earthquake  movements  be  thought 
inadequate  to  produce  the  effects  seen,  more  (juiet  and  slowly  acting 
but  more  general  and  powerful  crustal  movement  must  be  assumed 
as  the  cause,  for  the  dilTerence  in  elevation  of  the  strata  of  these  bluffs 
does  not  seem  due  to  differences  in  surface  erosion. 

Elevation  along  the  bluffs. — In  the  middle  and  northern  part  of 
Tennessee  and  into  Kentucky  the  general  surface  rises  somewhat  as 
the  bluffs  of  the  Mississippi  are  approached.  At  Hickman,  Ky., 
for  instance,  at  the  top  of  the  bluff  the  elevation  is  461  feet;  while 
to  the  east  it  is  from  50  to  100  feet  less. 

This  does  not  seem  to  be  tiie  case  at  either  Memphis  on  the  south 
or  Wickliffe  on  the  north.  The  general  surface  at  both  these  places 
seems  either  to  be  flat  toward  the  east  or  to  rise  gently  in  that 
direction.  The  westward  rise  of  the  surface  in  northwestern  Ten- 
nessee as  the  Mississippi  bluffs  are  approached  may  possibly  be  duuB 
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to  doming  caused  by  the  earthquake  activity  in  this  region,  as 
abeady  alluded  to  or  to  some  more  general  crustal  movements. 

EMBAYMENT  AREA  IN  ILLINOIS. 

In  Illinois  the  Gulf  embayment  area  includes  the  southeastern  part 
of  Alexander  County,  all  of  Pulaski  County  south  of  the  swamps  of 
Cache  River  above  Ullin,  all  of  Massac  County  south  of  the  chain 
of  swamps  in  its  northern  portion,  and  a  very  narrow  strip  in  Pope 
County  along  its  southern  boundary. 

This  area  in  Illinois  may  be  divided  into  two  portions  that  differ 
from  each  other  in  their  surface  topography  and  elevation.  One 
portion  comprises  the  low,  flat  alluvial  plains  of  Mississippi  and  Ohio 
rivers.     The  other  portion  is  a  rolling  to  hilly  upland. 

Flood  plain. — ^The  alluvial  plains  extend  as  a  broad  belt  from 
Santa  Fe  down  the  Mississippi  to  Cairo  and  thence  as  a  narrow  belt  up 
the  Ohio  to  a  point  a  few  miles  above  Mound  City,  where  the  upland 
bluff's  on  the  Illinois  side  close  in  on  the  river  and  continue  with  but 
slight  interruption  to  a  point  a  short  distance  north  of  Metropolis. 
There  the  flood  plain  again  begins  and  widens  as  it  extends  up  the 
river  until  it  attains  a  width  of  several  miles  in  the  bend  above 
Paducah.  This  flood  plain  extends  up  the  Ohio  beyond  the  limits 
of  the  Gulf  embayment  region. 

The  elevation  of  this  low  plain  is  about  320  feet  at  Cairo  and  about 
340  or  350  feet  along  the  edge  bordering  the  upland.  In  places  the 
alluvial  plain  and  the  upland  meet  along  a  sharply  defined  line,  the 
upland  surface  rising  abruptly  as  a  steep-sided  bluff'.  In  other  places 
the  two  types  of  surface  meet  and  merge  with  gentler  slopes. 

Cache  River  Valley. — The  flood  plain  of  Cache  River  below  Ullin 
is  a  part  of  this  alluvial  plain  and  is  covered  by  backwater  during 
floods.  Above  Ullin  the  valley  of  the  Cache  is  a  continuation  of  the 
same  plain,  though  it  is  bordered  on  the  south  by  a  rolling  upland 
that  rises  a  hundred  feet  or  more  above  it. 

The  Cache  River  valley  is  an  abandoned  valley  of  Ohio  River  and  to 
this  fact  it  owes  its  width,  flat  surface,  and  low  grade.  The  Ohio 
formerly  turned  westward  3  or  4  miles  below  Golconda  and  followed 
the  valley  of  Big  Bay  Creek  for  some  distance,  then  continued  west- 
ward to  the  present  Cache  River  through  tlie  depression  now  occu- 
pied by  the  chain  of  swamps  in  nortliern  Massac  County.  The  Cum- 
berland and  Tennessee  rivers  then  united  at  Paducah  and  followed 
the  present  course  of  the  Ohio  from  there  to  Cairo. 

Uphnds. — The  upland  region  includes  all  of  Pulaski  County  lying 
southeast  of  the  Cache  River  valley  and  north  of  tlie  Mississippi  and 
Ohio  flood  plain,  which  extends,  as  has  been  stated,  a  short  distance 
north  of  Mound  City.  It  also  includes  all  of  Massac  County  south 
of  the  chain  of  swamps  which  crosses  its  northern  part,  except  the 
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strip  of  Ohio  flood  plain  in  its  southwestern  part,  and  a  small  area  of 
Pope  County  adjacent  to  the  Massac  County  line.  The  upland  has 
a  rolling  to  hilly  surface  whose  average  elevation  is  375  to  450  feet 
above  sea  level. 

GEOI.OGY. 

GENERAL  STATEMENT. 

The  rocks  of  the  region  under  consideration  consist  of  sands,  clays, 
and  gravels  that  range  in  age  from  Cretaceous  to  Recent,  though  the 
record  is  not  one  of  continuous  sedimentation.  These  deposits 
are  for  the  most  part  unconsolidated.  Here  and  there  the  sands 
may  be  locally  cemented  in  part  into  an  ironstone  or  ferruginous 
sandstone  and  in  drilling  a  well  one  or  more  layers  of  such  indu- 
rated sandstone  are  usually  found  somewhere  in  the  section.  These 
layers  are  as  a  rule  from  a  few  inches  to  a  foot  thick,  rarely  as  much 
as  2  feet,  and  are  usually  found  at  the  bottom  of  a  stratum  of  sand 
resting  immediately  on  a  bed  of  clay.  Their  origin  is  simple.  They 
are  merely  the  lower  portion  of  the  bed  of  sand,  once  loose,  but  now 
cemented  into  a  firm  rock  by  iron  oxide  carried  there  in  solution  in 
water  and  prevented  from  descending  farther  by  the  underlying 
impervious  clay.  These  thin  layers  are  not  thick  enough  or  hard 
enough  to  offer  any  serious  obstacle  to  the  driller  using  tools  primarily 
fitted  for  work  in  soft  sand  and  clay.  Usually  a  few  blows  from  a 
heavy  iron  rod  breaks  them  to  pieces  or  a  chisel  point  soon  cuts 
through  them. 

In  numerous  places,  especially  on  the  eastern  side  of  the  region, 
gravels  lying  on  or  near  the  surface  have  been  cemented  by  iron  into 
a  firm  ironstone  conglomerate.  Ledges  of  this  may  be  several  feet 
thick,  but  as  it  lies  at  or  near  the  surface  in  the  higher  parts  of  the 
region  much  of  it  has  been  undermined  by  erosion  and  either  broken 
into  loose  blocks  or  removed  entirely,  so  that  it  does  not  form  a 
continuous  stratum  and  rarely  offers  serious  interference  to  well 
drilUng. 

DESCRIPTIONS  OF  THE  ROCKS. 

The  geologic  formations  represented  in  the  embayment  deposits  of 
this  region,  given  in  order  from  the  oldest  to  the  youngest,  are  the 
Eutaw  sand,  the  Selma  clay,  and  the  Lagrange  formation,  of  the  Cre- 
taceous; the  Porters  Creek  clay  and  the  Lafayette  formation,  of  the 
Eocene;  the  Lafayette  fonnation  of  the  Pliocene ;  the  Columbia  sand, 
loess,  and  loam,  of  the  Pleistocene,  and  the  river  alluvium,  of  Recent 
age.     These  rest  on  a  floor  of  Paleozoic  rocks. 

PALEOZOIC   FLOOR. 

The  rocks  that  undeilie  the  unconsolidated  deposits  along  their 
eastern  edge  near  the  southern  line  of  Tennessee  belong  to  the  Miss- 
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issippian  series  of  the  Carboniferous;  in  the  deep  well  at  Corinth, 
Miss.,  chert  that  apparentlyi  belonged  to  this  series  was  struck  at  a 
depth  of  450  feet.  Northward  in  Tennesssee  the  Mississippian  series 
soon  disappears  and  Silurian  limestones  become  the  floor  of  the 
embayment.  These  were  entered  in  the  well  at  Lexington  at  a  depth 
of  500/ feet.  No  other  deep  wells  in  Tennessee,  however,  reach  the 
limestones  beneath  the  embayment  sands  and  clays  and  their  exact 
depth  at  other  points  in  Tennessee  is  not  known.  To  the  north,  in 
Benton  County,  the  floor  belongs  to  the  Mississippian  series,  while 
still  farther  north,  in  Henry  County,  it  is  again  Silurian,  but  the 
Mississippian  rocks  reappear  near  the  Kentucky  line  and  underlie 
the  edge  of  the  embayment  through  its  entire  extent  in  Kentucky 
and  through  southern  Illinois  at  least  as  far  west  as  Ullin.  From 
UUin  westward  to  Mississippi  River  part  of  the  marginal  floor  is  Miss- 
issippian, part  probably  Devonian,  and  part  Silurian. 

In  Kentucky  three  deep  wells  have  passed  through  the  embay- 
ment deposits  and  entered  tlie  Paleozoic  rocks  beneath.  The  deep 
well  at  Paducah  reached  the  Mississippian  at  a  depth  of  324  feet. 
The  one  at  Wickliffe  is  reported  to  have  entered  the  same«  series  at 
a,  depth  of  1,000  feet.  At  La  Center  Mississippian  chert  was  encoun- 
tered at  a  depth  of  387  feet.  In  southern  Illinois  deep  wells  at  Cairo 
entered  the  underlying  Mississippian  chert,  or  Elco  gravel,  as  it  is 
locally  known,  at  a  depth  of  525  feet.  At  Mound  City  the  depth  to 
the  chert  is  reported  to  be  605  feet.  The  depth  to  the  Paleozoic 
floor  over  the  rest  of  the  area  under  consideration  is  of  nmch  interest 
in  connection  with  water-supply  pr()l)lems.  No  direct  measure- 
ments can  be  had  at  present  because  no  other  deep  wells  have  gone 
through  the  em])ayment  deposits.  The  well  that  has  penetrated 
these  deposits  farthest  is  the  deep  well  at  Memphis,  a  record  of  which 
is  given  on  page  114.  The  ])ott()in  of  the  well,  at  a  depth  of  1,147 
feet,  is  down  121  feet  in  the  Porters  Creek  clay.  If  it  is  assumed 
that  this  formation  ha.s  there  its  niaxiinuni  thickness  of  175  feet,  as 
observed  elsewhere,  and  that  the  Ripley  format  ion,  Selma  clay,  and 
Eutaw  sand  have  their  niaxiniuni  observed  thickness,  the  Paleozoic 
floor  would  be  reached  at  Memphis  at  a  depth  of  about  1,160  feet 
below  the  bottom  of  the  deej)  well,  or  about  2,.S{)()  feet  from  the  sur- 
face. At  no  one  |)lace,  however,  have  tlu'sc  formations  been  found  to 
have  each  its  maximum  thickness,  but  where  one  is  thicker  than  the 
average  another  may  be  thinner  or  o\cu  entirely  absent,  so  that  if 
there  is  not  an  aggregate  thickenin^j:  of  th(\s(»  l)(»(ls  as  compared  with 
their  development  in  other  placets,  the  depth  to  the  Paleozoic  floor  at 
Memphis  will  be  considerably  less  than  2,300  fe(M — perhaps  several 
hundred  feet  less. 

It  should,  however,  be  as  clearly  borne  in  mind  that  one  or  more  of 
these  lower  beds  ma}-  thicken  materiallv  or  that  other  formations  not 
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appearing  as  surface  outcrops  in  this  area  may  be  present  in  the  sec- 
tion and  make  the  distance  to  the  hard-rock  floor  greater  than  that 
given  above.  While  deep  drilHng  in  loose  sands  and  clays  is  attended 
with  difficulties,  yet  if  it  were  thought  desirable  to  explore  to  further 
depth  the  water-bearing  deposits  underlying  Memphis,  the  boring 
might  easily  be  carried  to  a  depth  of  2;500  feet  or  more.  At  Galves- 
ton, Tex.,  a  few  years  ago,  a  well  was  successfully  sunk  through  loose 
san^s  and  clays  to  a  depth  of  3,070  feet. 

CRETACEOUS   SYSTEM. 
EUTAW   SAND .« 

Extent. — The  Eutaw  sand  is  the  oldest  of  the  embayment  forma- 
tions and  rests  upon  the  hard  rocks  of  the  Paleozoic  floor.  It  out- 
crops along  the  eastern  edge  of  the  embayment  deposits  in  Hardin 
and  Decatur  counties  and  the  extreme  southern  part  of  Benton 
County,  Tenn.,  in  a  belt  whose  width  varies  from  2  to  8  miles  and 
averages  somewhat  less  than  4  miles.  In  the  deeper  part  of  the 
embayment  it  very  probably  extends  somewhat  farther  north  than 
its  extreme  northern  outcrop,  but  that  it  does  not  underlie  the  entire 
embayment  is  shown  by  its  absence  in  deep  borings  in  the  northern 
part  of  the  area,  at  Paducah,  La  Center,  Hickman,  and  Cairo.  It 
is  impossible  to  determine  its  northern  limits  beneath  the  later 
deposits  in  the  absence  of  wells  deep  enough  to  reach  the  Paleozoic 
floor,  but  it  may  be  fairly  assumed  that  it  probably  underlies  all  of 
the  embayment  area  in  Tennessee  west  of  its  outcrop.  Under  most 
of  this  area,  however,  it  is  at  such  a  depth  that  there  is  not  much 
likelihood  of  wells  reaching  it,  because  water  will  probably  be  obtained 
at  less  deptlis  from  overlying  beds. 

LUhologic  character. — The  Eutaw  beds  are  composed  predominantly 
of  sand,  which  is,  however,  interbedded  with  a  subordinate  amount 
of  clay.  The  deposit  was  formed  in  shallow  water  characterized 
by  weak  but  constantly  and  rapidly  changing  currents  so  that  the 
sand  and  clay  are  ever  varying  in  their  interbedding.  The  conditions 
were  not  marine,  but  probably  those  of  brackish  water.  In  a  contin- 
uous exposure  of  several  hundred  yards  beds  of  sand  or  clay  may  be 
seen  to  grade  wholly  or  partly  from  one  to  the  other  several  times,  or 
in  a  bed  of  one  material  a  lens  of  the  other  may  appear  and  rapidly 
thicken  or  may  remain  a  thin  layer  and  disappear  in  a  short  distance. 
In  places  the  sand  and  clay  are  interlaminated  in  very  thin  layers 
and  in  many  such  cases  the  lamina?  are  cross-bedded.     The  cross- 

oThis  formation  ia  hero  Identical  with  the  Coffee  sand  of  Safford,  and,  while  direct  tracing  to  Eutaw 
localities  In  Alabama  has  not  been  done,  It  is  most  probably  the  close  equivalent  of  the  Eutaw  of  that 
State.  In  the  Tennessee  area  it  is  not  thought  to  include  any  beds  equivalent  either  to  the  Tomblgbee 
sand  above  or  the  Tuscaloosa  l)elow.  If  the  Tombigbee  has  an  equivalent  In  this  area  It  Is  most  prob- 
ably included  in  the  basal  part  of  the  Selma  clay.    The  Tuscaloosa  is  not  believed  to  be  represented  bes^ 
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bedding  is  weak,  being  usually  at  a  gentle  angle  only  and  dying  out 
in  a  few  feet.  At  no  place  seen  by  the  writer  does  it  involve  a  lai^e 
mass  of  material  in  any  one  spot. 

As  a  result  of  this  abnipt  variation  in  lithologic  character  no  two 
sections  of  the  Eutaw  sand  taken  a  few  rods  apart  will  agre«  in 
detailed  thickness  of  beds.  Just  east  of  Parsons,  Tenn.,  in  the  rail- 
road cut,  there  are  at  the  base  about  4  feet  of  conglomerate  with 
angular  and  rounded  chert  cobbles  up  to  8  or  10  inches  in  diameter, 
overlain  by  very  dark  blue  lignitic  sandy  shales  in  thin  papery  layers. 
These  shales  are  locally  interbedded  with  several  layers  4  to  8  inches 
thick  of  coarse  material,  which  contains  rounded  chert  masses  4  to  6 
inches  in  diameter  and  numerous  similar-sized  angular  pieces  of 
Devonian  black  shale  that  must  have  been  derived  from  some  Devo- 
nian exposure  very  near  by,  along  the  shore  at  that  time.  Some  rods 
to  the  west  the  lignitic  shale  passes  beneath  cross-bedded  sands  that 
contain  a  sprinkling  of  rounded  gravel  up  to  an  inch  in  diameter. 
These  sands  are  variable  in  texture  and  contain  occasional  thin  layers 
of  leaden-gray  clay  that  are  persistent  for  only  short  distances.  Far- 
ther west  this  layer  of  sand  and  gravel  seems  almost  to  wedge  out  as 
it  passes  beneath  track  level,  and  over  it  lies  a  fine  leaden-gray  to 
dark-blue  or  purplish  clay  about  20  feet  thick,  overlain  by  about  10 
feet  of  lighter  colored  sandy  clay.  Owing  to  variations  in  their 
thickness  and  the  lowness  of  the  banks  of  the  cut,  the  average  thick- 
ness of  several  of  the  lower  beds  described  above  can  not  be  deter- 
mined, but  is  perhaps  10  to  20  feet  each. 

Section. — The  best  exposure  of  the  Eutaw  sand  is  found  at  .Coffee 
Bluff,  on  the  west  bank  of  Tennessee  Kiver  in  Hardin  Country,  Tenn. 
The  river  washes  the  foot  of  the  bluff  for  nearly  2  mile.s,  but  at  no 
point  is  the  base  of  the  formation  shown,  so  the  exact  thickness  there 
can  not  be  ascertained.  At  the  point  where  the  highway  reaches 
the  top  of  the  bluff  the  following  section  was  obtained: 

Section  at  Coff'ee  Bluff,  Tttuwsste. 

Feet. 

1.  Tkck  hnlf  ji  mile  wost  of  the  odgc  of  tlio  hluff,  red  and  yellow  chert  gravels  of 

Lufiivet te  «<je  wit li  overlyin<^  reddish  sandy  elay 15 

2.  Along  descending  slope  of  road  from  abov(^  point  to  the  edge  of  the  blufT  are 

poorly  exposed  light-<;olor(»d  sands  and  leaden-colored  clays  interbedded   in 

thin  layers  which  are  usually  minutely  laminated 120 

3.  At  top  of  bluff,  lightH'olored  sands  similar  in  ct)lor,  texture,  and  structure  to  those 

])elow : 12 

4.  Dark  slate-colored  clay  in  thin  laminir,  usually  a  very  })ure  and  line-grain(»d  clay, 

but  in  places  with  thin,  sandy  layers.  Jt  contains  small  fiagmenls  of  indistinct 
plants  and  shows  at  its  base  local  unconformity  with  the  underlying  l)eds. ...         25 

5.  Fine  gray  sand  interbedded  with  slaty  or  leaden-coloied  clay  in  fissile  papery 

lamina\  The  sand  and  clay  are  often  interlaminatcMl  and  more  or  less  cross- 
bedded:  in  places  a  relatively  pure  bed  of  santl  or  clay  scvi-ial  feet  thick 
grades  over  along  the  ])edding  plane  into  the  other  within  a  few  yards. 
On  the   surface   of   the   thin   fissile   shales   are    indistinct    leaf   impression?. 
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Feet. 
The  sand  and  clay  alike  cairy  more  or  less  Hgnitized  wood,  which  is  in  small 
pieces  except  in  the  lower  part  of  this  division,  where  logs  of  it  are  found. 
Decomposing  pyrite  is  associated  with  the  lignite.  Two  logs  of  petrified  • 
wood  projected  from  thL«)  sand  and  clay  when  SafTord  made  the  measure- 
ments recorded  on  page  412  of  his  Geology  of  Tennessee.  These  have  since 
disappeared  by  the  recession  of  the  bliifTs  from  undercutting  by  the  river. 
Some  of  the  sand  is  flecked  with  fmc  mica  particles.  In  places  a  tendency  to 
induration  is  noticeable  in  the  sands,  though  generally  they  are  rather  soft. 
The  cross-bedding  is  always  on  a  small  scale  and  frequent  reversals  of  direc- 
tion are  to  be  seen 40 

6.  Sand  varying  in  color  from  light  gray  to  canary  yellow,  micaceous 3 

7.  Sand,  gray  and  lignitic,  with  much  decomposing  pyrite,  to  water's  edge 15 

The  more  lignitic  sand  and  clay  showed  in  many  places  white  and 
yellowish-brown  incrustations,  due  to  efflorescence  by  the  sulphates 
r.nd  other  salts  resulting  from  the  decomposition  of  the  pyrite.  The 
water  trickling  from  these  beds  along  the  face  of  the  bluff  was 
charged  with  iron  salts  and  was  precipitating  hydrated  iron  oxide, 
which  covered  the  ground  as  a  red  or  yellow  slimy  scum. 

At  Crump  and  Pittsburg  Landing,  4  and  8i  miles,  respectively, 
south  of  Coffee  Bluff,  are  imperfectly  exposed  sections  of  the  Eutaw 
sand.  These  sections  show  interbedded  sands  and  clays  very  similar 
in  appearance  to  those  in  the  lower  part  of  Coffee  Bluff.  Some  of 
the  sand  at  Pittsburg  Landing  is  locally  cemented  into  a  loose  ferru- 
ginous sandstone. 

Dip  and  thickness. — The  Eutaw  sand  dips  westward  at  a  low  angle 
and  passes  beneath  the  Selma  clay.  No  exact  measurement  of  its 
thickness  has  been  made.  The  best  partial  section  is  that  at  Coffee 
Bluff  given  above.  Over  215  feet  are  exposed  there,  but  the  exact 
thickness  is  not  known,  as  the  strata  dip  slightly  westward  in  the 
half  mile  that  the  upper  part  of  the  section  stretches  back  from  the 
bluff.  The  base  is  not  exposed  at  low  water,  but  the  underlying 
Paleozoic  limestones  outcrop  some  distance  downstream  and  also 
above,  at  Savannah,  on  the  opposite  bank,  almost  in  line  with  Coffee 
Bluff.  It  is  probable  that  at  the  bluff  not  more  than  25  to  50  feet  of 
the  sand  are  beneath  low-water  level,  and  if  a  slight  allowance  be 
made  for  the  low  westward  dip  in  the  upper  part  of  the  section  the 
formation  is  not  far  from  250  to  275  feet  thick.  The  deep  well  at 
Lexington  passes  entirely  through  it,  but  unfortunately  the  position 
of  its  top  could  not  be  determined  from  the  record  given — from 
memory,  as  usual — by, the  driller.  A  well  at  Corinth,  Miss.,  seems 
to  have  entered  it  at  90  feet  according  to  one  record  and  at  150  feet 
according  to  another  record.  This  would  make  the  Eutaw  sand 
either  360  feet  or  300  feet  thick,  as  the  underlying  rock  was  reached 
at  450  feet.  Other  records  at  Corinth  make  it  more  likely  that  the 
formation  was  entered  at  a  depth  of  90  feet  and  that  it  is  conse- 
quently 360  feet  thick  there.  a 
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8ELMA    CIJiY. 


Extent. — The  Selma  clay  rests  upon  the  Eutaw  sand  and  outcrops 
ii^  a  belt  6  or  8  miles  wide  that  enters  Tennessee  from  Mississippi 
and  extends  northward  about  halfway  across  the  State.  (See  PI.  I.) 
Like  the  Eutaw  sand,  it  then  disappears,  and  while  it  may  extend 
some  distance  farther  north  beneath  the  later  Gulf  embayment 
deposits  there  are  no  means  of  proving  such  to  be  the  case.  The 
problem  of  its  northward  extension  corresponds  to  the  similar  prob- 
lem discussed  under  the  Eutaw  sand  (p.  23).  The  wells  at  Paducah, 
La  Center,  Hickman,  and  Cairo  show  the  absence  of  both  the  Eutaw 
and  the  Selma. 

Lithologic  character. — The  term  Selma  chalk,  applied  aptly  enough 
in  Mississippi  and  Alabama,  is  scarcely  appropriate  in  Tennessee, 
where  the  formation  is  a  clay  that  is  light  leaden  gray  or  greenish' 
when  dry  and  somewhat  darker  colored  when  wet.  Certain  parts 
are  a  darker  green  from  the  presence  of  grains  of  glauconite.  Fossil 
shells  are  common  and  in  some  places  are  so  large  and  abundant 
that  they  have  often  been  gathered  and  burned  for  lime.  Through- 
out the  formation,  which  is  very  uniform  in  character,  the  clay  con- 
tains a  considerable  amount  of  lime,  derived  from  the  decay  of  the 
fossil  shells,  and  very  near  or  just  at  the  base  are  usually  found  one 
or  more  thin  layers  of  clay  or  greensand,  indurated  by  the  presence 
of  the  lime.  Some  layers  are  nearly  free  from  the  glauconite  or 
greensand;  in  others  it  is  fairly  abundant.  The  formation  was 
deposited  under  marine  conditions. 

When  this  clay  is  wet  and  unaffected  by  surface  weathering  it  is 
often  blue  and  is  described  by  the  well  drillers  as  "blue  dirt."  Near 
the  surface  in  natural  exposures  it  weathers  to  a  yellowish-green 
clay,  that  is  exceedingly  sticky  when  wet  and  that  on  drying  shrinks 
and  cracks  open,  so  that  it  is  known  as  "joint  clay." 

The  clay  is  somewhat  sandy,  but  no  beds  even  approacliing  a  pure 
sand  were  found  in  it.  Water  percolates  through  it  slowl}^.  Very 
much  of  the  rainfall  runs  off  on  the  surface  and  this  is  believed  to 
explain  the  absence  in  so  niucli  of  its  outcrop  area  of  beds  of  sur- 
ficial  gravel  and  sand,  such  as  rest  on  the  adjacent  formations  both 
to  the  east  and  to  tlie  west.  Tlie  removal  of  these  surficial  gravel 
deposits  is  discussed  more  fully  under  the  heading  "  Origin  of  the 
top()gra|)hy"  (p.  17). 

ThlcktHss.—  Near  the  Mississippi  line  tlie  formation  is  between  350 
and  'MF)  feet  thick.  At  Selnier,  Tenn.,  it  is  375  feet  thick.  To  the 
north  it  thins  to  100  feet  or  l(\ss  before  it  disappears.  In  the  deep 
well  at  Lexington,  Tenn.,  the  Selma  clay  and  iho  underlying  Eutaw 
sand  are  together  300  feet  thick.  The  driller  did  not  note  any  change 
in  passing  from  one  to  the  other,  but  this  is  not  greatly  to  be  won- 
dered at,  since  east  of  Lexington  along  the  railroad  to  Parsons  the 
Eutnw  sand  contains  much  dark-gray  e\v\\. 
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RIPLEY   FORMATION. 


Extent — The  Ripley  formation  extends  across  both  Tennessee 
and  Kentucky  into  southern  Illinois  and  there  curves  westward.  Its 
exact  western  extent  in  Illinois  was  not  determined,  partly  from 
lack  of  time,  but  mainly  because  of  the  scarcity  of  outcrops  due  to 
the  thickness  of  the  overlying  Lafayette  and  loess  deposits  on  the 
uplands  and  of  the  alluvium  on  the  Mississippi  River  flood  plain.  It 
is  probable  that  the  Ripley  formation  extends  across  to  th^  Missis- 
sippi at  Thebes,  111.,  and  is  the  sand  described  as  overlying  the 
Silurian  limestone  just  above  that  place,  though  this  sand  may  be  a 
part  of  the  Lagrange  formation. 

The  belt  occupied  by  the  Ripley  outcrop  is  about  12  miles  wide  at 
the  southern  boundary  of  Tennessee.  To  the  north  it  narrows  to 
about  8  or  9  miles  in  the  center  of  the  State  and  to  6  miles  along  the 
northern  boundary.  This  width  is  maintained  in  Kentucky  and  is 
exceeded  in  southern  Illinois. 

Lithologic  character. — Lithologically  this  formation  bears  consid- 
erable resemblance  to  the  Eutaw  sand.  It  is,  however,  composed 
more  largely  of  sand  and,  at  least  in  surface  exposures,  is  predomi- 
nantly lighter  in  color.  The  stratified  sands  of  the  Ripley  show  in 
some  sections  a  considerable  variety  of  colors,  usually  red,  pink, 
light  yellowish  brown,  and  gray.  With  the  sands  are  found  beds  of 
gray,  leaden,  or  slate-colored  clay  10  to  20  feet  or  more  thick.  In 
places  the  sand  and  clay  are  interbedded  in  thin  layers.  The  sands 
are  usually  medium  to  fm^-grained,  and  soft  and  incoherent.  Indu- 
ration by  iron  is,  however,  a  prominent  feature  in  certain  places. 

Many  of  the  clay  beds  contain  lignite,  either  in  separate  pieces  or 
in  thin  beds  of  local  development.  Partly  rotted  and  unidentifiable 
leaf  remains  are  common.  In  a  few  places  well-preserved  leaf  im- 
pressions were  found,  j»s,  for  instance,  on  the  '* sandhill"  road  east 
of  Benton,  Ky.,  about  halfway-  up  the  ascent  from  the  bottoms  of 
East  Fork  of  Clarks  River  to  the  uplands. 

The  sands  contain  a  larger  proportion  of  iron  than  any  other  for- 
mation in  the  region  except  the  Lafayette.  Part  of  this  iron  near 
the  surface  is  peroxidized  and  colors  the  sands  a  deep  red,  which  is 
very  much  like  the  color  so  often  found  in  the  sands  of  the  Lafayette 
formation  (see  p.  42).  This  makes  it  difficult  to  determine  the  con- 
tact between  the  Ripley  and  the  Lafayette,  which  generally  overlies 
all  the  older  formations.  For  instance,  the  contact  is  very  obscure 
in  the  **big  cut"  (PI.  II,  A)  on  the  Southern  Railway  and  has  been 
a  source  of  uncertainty  and  error  in  the  interpretation  of  the  section 
found  there." 

The  larger  part  of  the  iron  occurs  as  a  cement  for  the  sands  at  cer- 

aSee  Hilgard,  E.  W..  Geology  and  Agriculture  of  Mississippi,  inm,  p.  16;  Saflord,  J.  M.,  Geology  ei| 
TeimeBsee,  1860,  p.  418.  I 
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tain  horizons  and  has  converted  them  into  sand  ironstone  that 
assumes  a  variety  of  shapes,  some  of  whieli  are  unusual.  A  common 
f(»rm  is  the  iirm  sandstone  made  by  the  eementing  of  several  feet  of 
sand  by  iron.  Thin  phity  hiyers  of  ironstone  also  occur.  Some  of 
tliese  are  fla^ :  others  are  eurved  into  odd  and  fantastic  shapes.  At 
certain  horizons  concTctionary  ironstone  tubes  or  pipes  are  found. 
These  may  be  hm^r^  straight,  separate  pijx^s  of  uniform  size  and 
thickness  or  somewhat  irre^uhir  and  more  or  less  flattened  and 
united  into  a  honeycombed  mass,  in  which  the  tubes  are  parallel. 
S(»veral  horizons  of  such  honc»ycombed  ironstone  concretions  are 
t(»  be  seen  in  the  *'  bifr  cut, "  of  which  a  secticm  is  pjiven  (see  PL  II, B.) 
Here  these  concretions  form  h»d^es  that  hold  up  the  sides  of  the  cut 
fnun  cavin*:. 

In  general,  the  sandstone  layers  or  the  plates  or  tubular  masses 
become  exposed  by  erosion  and  then  act  as  a  protection  against 
further  erosion.  It  is  partly  for  this  reason  that  the  outcrop  of 
the  Ripley  sand  forms  an  elevate<l  rid^e  that  is  very  conspicuous  in 
northern  Mi.ssissippi  and  extends  for  a  number  of  miles  into  Tennessee 
before  it  dies  (h)wn  into  an  elevated  belt  that  usually  forms  the  divide 
between  the  Tennessee  an<i  Missi.«<sippi  River  drainages.  Another 
reason  for  the  {jfreater  elevation  of  this  and  other  sandy  belts  as  com- 
pared with  adjacent  clay  areas  is  the  fact  that  a  much  larger  propor- 
tion of  the  rainfall  soaks  into  tlie  sand  than  into  the  day  and  so  does 
not  erode  the  surfa<-c.      (Sec  p.  17.) 

In  <leep  wells  the  sands  are  not  usually  so  oxidized  as  in  surface 
oulcnips  an<l  so  show  *i:rays  ov  dark  colors  instead  of  the  light  ones 
mentioned  al)ove. 

In  some  places,  especially  in  KtMitucky  and  in  Massac  County,  111., 
the  Ripley  contains  beds  of  clay  suitable  for  pottery  purposes. 

luhssils.  No  fossils  t)ther  than  plant  remains  are  found  in  thLs 
ft)rmation  in  the  area  under  consideration. 

Vnmx  this  fa<'t  and  I'nun  its  litlioloiric  character  it  is  believed  to  be 
of  iioninarinc  origin.  It  was  deposited  in  fresh  or  brackish  water 
here,  but  farther  soutli  in  Mississippi  marin(»  conditi(ms  prevailed. 
The  ImmIs  (if  impure  limestone^  just  east  of  Middleton,  Tenn.,  contain- 
ing remains  of  marine  fossils  ami  tcMitativcJy  as>i;;ned  by  Safford  to 
the  to]>of  the  Ripley,  are  now  known  to  belonc;  to  tlu*  Eocene.  The 
j)lant  I'cmains  found  in  the  Ripley  an*  usually  fra»j:mentary  and 
um-ecoLrni/able.  Its  stratiirraphic  relations,  however,  and  its  con- 
timiity  with  strata  in  Mississippi  that  contain  marine  fossils  make 
its  Cretaceous  ajze  evident,  ll  is  the  youn^^est  Cretaceous  formation 
i)i  the  re^rion. 

Sniioii,  The  b(\st  MM-ticm  of  the  Ripley  formation  is  to  be  seen  in 
the  deep  cut  throii*^di  the  "l>i«:  hill,*"  J^  miles  west  of  Cypress  station, 
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Tenn.,  on  the  Southern  Railway.     This  section  from  the  top  down- 
ward is  as  follows: 

Section  of  Ripley  formation  Jie^r  Cyprettn,  Tenn. 

Feet. 

1.  Red  caafr-hardened  Lafayette  sand  and  clay,  with  a  few  broken  piecee  of  fer- 

rugioBiu  sandstone  and  scattering  quartz  pebbles  markiiifr  the  contact  with 

the  mdarlying  Ripley 8 

2.  Fine  red  sand  and  clay,  with  rolled  clay  pellets  and  thin  streaks  of  white  clay. .  20-25 

3.  (Concretionary  tubular  sand  ironstone  in  single  pipes  or  in  masses  of  parallel  ones, 

with  soft  sand  cores 2-8 

4.  Fine  variegated  sand,  having,  as  a  whole,  a  light  grayisli  color,  but  showing  in 

detail  red,  white,  brown,  yellow,  and  purple  streaks  or  mottling.    Case- 
hardened,  so  that  it  breaks  off  in  large  masses 20 

5.  Femiginous  sandstone  pipes  and  flute<l  masses  as  above 0-5 

6.  Fine  sand  and  clay  interl)edded  in  thin  lamina:  yellow,  brown,  cream,  or  gray; 

sands  micaceous;  leaf  and  other  plant  markings  common  but  indistinct  and 
unidentifiable,  exposed  down  to  1 5  feet  below  track  level 35 

IHp  and  thickness, — The  dip  of  the  Ripley  in  Tennessee  and  southern 
Kentucky  is,  like  that  of  the  older  formations,  at  a  low  angle  to  the 
west.  In  northern  Kentucky  it  is  southwest  and  in  Illinois  it  is 
south.  Its  exact  thickness  in  southern  Tennessee  is  not  known,  but 
it  is  probably  500  feet.  At  Paducah,  Ky.,  204  feet  of  it  were  found 
in  the  deep  well,  and  to  get  its  entire  thickness  there  probably  100 
feet  should  be  added  to  this  for  its  eroded  upper  part.  At  Cairo,  111., 
it  is  only  25  to  54  feet  thick.  At  WicklifTe,  Ky.,  it  is  reported  to  be 
400  feet  thick. 

TERTIARY  SYSTEM. 

eoceue  series. 

PORTERS   CRKEK    FORMATION. 

Extent. — The  Porters  Creek  formation,  the  oldest  of  the  Eocene 
rocks  of  the  region,  rests  unconformably  on  the  Ripley  sands  of  the 
Cretaceous  and  outcrops  immediately  west  of  the  Ripley  in  a  belt  that 
is  about  8  miles  wide,  in  southern  Tennessee,  but  averages  only  about 
4  miles  in  width  across  the  State.  In  Kentucky  it  widens  out  again, 
reaching  10  or  12  miles  in  northern  Calloway  County.  The  outcrop 
narrows  much  as  it  curves  westward  beyond  Paducah  and  is  con- 
cealed by  the  alluvial  deposits  of  Ohio  River  before  crossing  into 
Illinois.  In  Illinois  it  is  known  to  outcrop  only  along  the  bank  of  the 
Ohio,  at  Caledonia  Landing,  and  for  some  distance  to  the  north 
toward  the  Grand  Chain.  The  exposures  are  for  the  most  part  poor, 
however,  and  its  identification  is  made  partly  ])y  a  few  indistinct 
fossil* casts  but  mainly  by  tlie  presence  of  greensand,  which  is  abvsent 
from  the  Ripley  below  and  the  Lagrange  above,  but  which  is  found  in 
the  lower  part  of  the  Porters  (Veek.  Farther  west  acToss  southern 
Illinois  its  outcrop  is  obscured  by  either  the  Lafayette  gravels  and  the 
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loess  or  by  the  alluvial  deposits  of  the  Cache  and  Mississippi  Riy^ 
bottoms. 

Lithologic  character. — The  formation  is  composed  mainly  of  a  fine- 
grained clay  that  is  very  dark  gray  or  in  places  almost  black  when 
wet,  but  which  becomes  a  light  gray  on  drying.  It  is  familiarly 
known  in  the  region  as  soapstone.  Interbedded  with  this  clay  are 
sometimes  found,  especially  in  the  lower  part  of  the  formation, 
beds  of  fine,  micaceous,  silty  sands,  which  are  usually  indurated  into 
soft  sandstones.  The  lower  part  of  the  formation  also  contains, 
interbedded  with  the  gray  clay  and  micaceous  sand,  beds  of  g^^eensand 
that  may  contain  enough  calcareous  matter  to  cement  certain  layers 
into  impure  limestone.  The  calcareous  matter  has  doubtless  been 
derived  from  marine  shells,  the  hollow  impressions  of  which  are  abun- 
dant in  some  of  the  more  calcareous  beds.  Such  beds  have  been 
found  near  the  base  of  the  Porters  Creek  formation  at  intervals  from 
a  point  just  cast  of  Middleton,  Tenn.,  nearly  to  Paducah,  Ky. 

At  several  places  the  leaden-gray  cla^^s  and  the  greensands  of  the 
Porters  Creek  formation  are  intersected  with  sandstone  dikes. 
These  dikes  vary  in  width  from  a  fraction  of  an  inch  to  as  much  as  2 
feet,  though  the  average  width  is  only  a  few  inches.  In  places  they 
seem  to  occur  singly  and  the  few  thus  seen  were  wider  than  the 
average  and  ran  in  straight  lines.  More  commonly  a  large  number  of 
small  dikes  occur  together.  These  may  run  in  any  direction  and 
are  apparently  without  any  system  in  their  orientation.  Some  mem- 
bers of  a  group  are  persistent  in  direction  and  fairly  constant  in 
width,  while  others  vary  in  direction  and  width  and  throw  off  branches 
that  may  end  blindh'  or  may  curve  and  unite  again  with  the  main 
dike.     The  various  dikes  of  a  group  intersect  at  ahnost  any  angle. 

Some  of  the  dikes  show  shckensided  surfaces  with  vertical  stria- 
tions,  and  a  few  of  the  shckensided  dikes  show  cracks  produced  by 
shearing  that  resulted  from  the  dilferential  movement  of  the  rocks 
on  either  side  of  the  dike.  The  faulting  thus  indicated  is  believed  to 
have  been  of  very  small  amount.  In  only  two  cases  was  it  possible 
to  ascertain  by  any  discontinuity  of  beds  that  faulting  had  occurred. 
In  these  the  amount  of  movement  was  between  1  foot  and  2  feet  only. 

The  sandstone  filling  these  dikes  is  a  soft.  iin(^-grained,  micaceous, 
silty  rock  similar  to  that  interbedded  with  the  clays  of  the  formation. 
The  dikes  contain  casts  of  marine  invertebrate  fossils  similar  to  those 
found  in  the  sandstone  l)e(ls.  Tn  both  cases  all  trace  oi  shell  sub- 
stance has  disaj)peared,  ])ut  distinct  impressions  are  left. 

From  the  lithologic  similarity  and  from  tlie  identity  of  the  fossil 
casts  it  is  believed  that  the  material  of  th<*  dik(\s  was  derived  from 
the  micaceous  sandy  beds  of  the  formation,  and  that  it  was  injected 
into  the  openings  where  it  is  now  found  while  still  an  unconsolidated 
sand,  whose  mica  particles  would  in  the  presence  of  water  convert 
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it  into  a  very  mobile  quicksand  and  enable  it  to  flow  into  the  fissures 
without  crushing  to  pieces  the  delicate  shells  it  contained.  This 
injection  very  probably  occurred  shortly  after  these  beds  were 
deposited,  as  it  was  evidently  before  the  sand  had  become  consoli- 
dated into  a  sandstone  and  before  the  calcareous  matter  of  the  shells 
contained  in  it  had  been  removed  by  leaching. 

The  size,  number,  and  relations  of  the  fissures  to  each  other  lead 
to  the  belief  that  they  are  not  the  result  of  shrinkage  of  the  sediments 
during  consolidation,  but  that  they  were  produced  by  earthquake 
disturbances  in  Eocene  time  not  long  after  these  beds  were  deposited, 
and  that  the  micaceous  sand  was  forced  upward  along  with  water 
into  these  cracks  during  the  disturbances,  just  as  in  this  same  region 
the  embayment  deposits  were  much  fissured  during  the  New  Madrid 
earthquake  of  1811  and  1812  and  sand  and  water,  often  in  large 
quantities,  were  forced  up  through  these  fissures  to  the  surface. 

The  sands  in  the  Porters  Creek  tore  off  pieces  of  the  clay  from  the 
walls  of  the  fissures  as  they  were  forced  up,  and  these  pieces  of  clay, 
some  rounded  slightly  but  most  of  them  still  sharply  angular,  are 
found  to-day  as  inclusions  in  the  sandstone  dikes.  The  sand  thus 
injected  became  indurated,  and  it  is  probable  that  the  slight  faulting 
that  produced  the  slickensiding  and  the  shearing  seen  in  some  of 
the  dikes  was  the  result  of  another  and  later  period  of  earthquake 
disturbance. 

In  Mississippi  McGee  "  has  recognized  and  described  similar  dikes. 
In  Kentucky  Loughridge  *  saw  in  a  number  of  places  dikes  of  sand- 
stone in  the  Porters  Creek,  though  he  failed  to  recognize  their  true 
nature.  SafTord*^  apparently  did  not  recognize  them,  nor  did 
Harris,^  though  both  evidently  saw  them— Safford  near  Wade 
Creek,  where  the  writer  first  saw  them,  on  the  road  from  Bolivar  to 
Purdy,  and  Harris  at  Crainesville,  a  few  miles  away.  Harris  describes 
them  as  sandstone  concretions. 

Thickness  and  dip. — The  thickness  of  the  Porters  Creek,  according 
to  the  best  measurement  available — that  in  the  well  at  Jackson, 
Tenn. — is  about  175  feet.  At  Wickliffe,  Ky.,  it  is  158  feet  thick,  and 
farther  north,  near  the  northern  edge  of  the  area,  where  it  has  prolv 
ably  suffered  from  erosion,  its  thickness  is  124  feet  at  Cairo  and  100 
feet  at  Mound  City,  111.  At  Huntington,  Tenn.,  the  wells  show  65 
to  70  feet  of  it,  but  this  may  not  be  the  full  thickness  there,  as  the 
wells  probably  start  below  the  top.  Just  south  of  Paducah,  Ky.,  a 
well  has  gone  140  feet  into  it  without  getting  tlirough  it,  and  the  deep 
well  at  Memphis,  after  penetrating  121  feet  of  it,  stopped  without 
getting  through.     It  is  very  probable  that  the  underlying  Ripley 

a  McGee,  W  J,  Bull.  Gool.  Soc.  Amorica,  vol.  1,  1890,  p.  440. 

b  Loiighridgo.  K.  11.,  Jatk.son  Pimhaw  Uogion,  ISSS.  pp.  44.  2.V2,  287. 

c  Safford.  J.  M.,  Geologr>^  of  Tonnossw,  1S(J9.  p.  423.  i 

d  Harris,  G.  D.,  The  Midway  stage:  Bull.  Am.  Paleontology,  vol.  1. 1896,  p.  IS.  1 
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sands  would  be  reached  in  this  well  in  less  than  100  feet  more.  The 
dip  is  at  a  low  an^le  to  the  west  in  Tennessee  and  averages  for  the 
section  east  of  Memphis  22  feet  per  mile.  It  changes  in  Kentucky 
and  southern  Illinois  to  the  southwest  and  the  south,  respectively, 
and  increases  in  amount  a  few  feet  per  mile. 

Age  and  nomenclature. — Marine  invertebrate  fossils  from  the  band 
of  impure  limestone  and  the  calcareous  greensand  near  the  base 
show  the  fauna  to  be  of  lower  Eocene  age.  A  few  casts  from  the 
Huddleston  farm,  near  the  mouth  of  Wade  Creek,  8i  miles  east  of 
Bolivar  and  2\  miles  west  of  Crainesville,  Tenn.^  were  sent  to  Dr. 
W.  H.  Dall  for  identification.  He  reported  CrdsscUellites  prodtutus 
Con.,  Protocardia  ienis  Con.,  Venericardia  alticostata  var.  Con.,  and 
ChicuUsea  macrodxmta  Con.  as  recognizable  and  referred  it  to  the  upper 
portion  of  the  formation,  called  by  Harris  and  older  authors  the 
Lignitic,  probably  about  E.  A.  Smith's  Bashi  series. 

From  the  locality  just  mentioned  Harris  made  a  larger  collec- 
tion than  the  writer  and  has  also  collected  extensively  from  the  same 
beds  at  several  other  localities  in  the  immediate  neighborhood.  The 
description  of  these  localities  and  lists  of  the  forms  found  are  given  in 
his  monograph  on  the  Midway  stage. ^ 

In  1860  SafTord  sent  Gabb  collections  from  these  same  beds  made  at 
three  points  in  the  vicinity  of  Middleton,  Tenn.  They  were  described 
by  Gabb,*^  the  impression  then  being  that  they  were  of  Cretaceous  age. 

Occasional  plant  remains  have  been  reported  from  the  clays  of  this 
formation.  In  a  cut  on  the  Southern  Railway  at  milepost  480.5,  about 
a  mile  east  of  Middleton,  Tenn.,  the  writer  found,  in  a  bluish  sandy 
clay  containing  some  greensand,  both  casts  of  marine  invertebrates 
and  scattering  leaf  impressions,  the  latter  somewhat  fragmentary, 
but  well  enough  preserved  for  identification.  From  want  of  time 
and  from  the  fact  that  the  geologic  horizon  was  definitely  known 
from  the  invertebrate  remains,  no  collection  of  these  leaves  was  made, 
though  the  locality  would  be  a  favorable  one  for  correlating  this 
Eocene  fauna  and  fiora,  which  were  evidently  contemporaneous. 

Salfoni  later  recognized  the  Eocene  age  of  the  thin  limestone  east  of 
Middleton  at  or  near  the  l)ase  t)f  tliis  format i(>n  and  proposed  for  it  the 
name  Middleton  formation/  No  definite  upper  limit,  however,  was 
set  for  the  formation,  though  it  apparently  was  meant  to  include  only 
the  calcareous  l)eds.  Since  tliese  calcareous  beds  are  not  sharply  sep- 
arable from  the  more  purely  argillaceous  l)e(ls  above,  and  since  both 
together  form  a  unit  so  far  as  all  water-sup])ly  problems  are  con- 
cerned, il  is  thought  best  to  regard  as  one  formation  the  impure  lime- 
stones, greensands,  silty  sandstones,  and  light  leaden-colored  clays 

«  Harris.  (J.  D.,  Tho  Midway  stago:  Bull.  Am.  I'ah'ontoiopy.  vol.  I.  ISO,;,  pp.  is->2. 
''Jour.  AcimI.  Nat.  Sci.  Phihi.,  new  sor..  vol.  I.  pp.  ;<7.'.  40<;. 

c  Sallonl,  J.  M..  Notos  on  the  MUldh'ton  formution  of  Toiincssoe.  Mississippi,  and  Alabama:  BulL 
OcoJ.  Soc,  America,  vol.  3,  lf<&2,  pp.  121-123. 
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that  extend  from  the  Ripley  sands  below  to  the  Lagrange  sands 
above  and  for  these  rocks  to  retain  the  geographic  name  Porters  Creek, 
early  proposed  and  used  by  Safford. .  It  is  the  equivalent  of  the 
Flatwoods  of  the  Mississippi  geologists. 

LAGRANGE   FORMATION. 

Of  all  the  deposits  in  the  area  discussed  the  Lagrange  is  the  thickest, 
covers  the  largest  area,  shows  proportionally  the  least  actual  surface 
exposure,  and  is  the  most  variable  in  composition  and  the  most  doubt- 
ful as  to  its  exact  age.  It  lias  in  the  past  been  the  most  puzzling  to 
geologists  and  has  led  to  the  most  errors  on  their  part.  Aside  from  the 
interest  these  facts  give  it,  it  is  and  always  will  be  the  most  important 
of  these  formations  as  a  source  of  water  supplies  because  of  the  wide 
area  underlain  by  it,  the  unusually  good  quality  and  quantity  of  the 
water  it  contains,  and  the  moderate  depth  at  which  the  water  may 
usually  be  obtained. 

Extent. — The  eastern  edge  of  the  Lagrange  formation  extends  from 
the  southwestern  part  of  Hardeman  County,  Tenn.,  north-northeast- 
ward through  Chester,  Madison,  Henderson,  Carroll,  and  Henry  coun- 
ties, Tenn.,  and  southwestern  Calloway,  northeastern  Graves,  middle 
McCracken,  and  northern  Ballard  counties,  Ky.  It  then  passes  west- 
ward into  Pulaski  County,  111.,  not  far  south  of  Caledonia  Landing. 
It  is  not  possible  to  follow  it  westward  across  Pulaski  and  Alexander 
counties,  because  it  is  concealed  beneath  later  deposits. 

All  of  the  area  under  consideration  in  this  paper  lying  west  and  south 
of  the  line  thus  traced  is  underlain  at  no  great  depth  by  the  Lagrange 
formation.  The  territory  thus  embraced  is  somewhat  over  two-thirds 
of  the  total  area  discussed.  Although  underlying  so  large  a  territory 
it  forms  the  actual  surface  of  but  a  small  part,  since  on  the  uplands  it 
is  concealed  by  the  Lafayette  and  the  loess  and  loam,  and  in  the 
Mississippi  bottoms  its  upper  part  has  been  cut  away  to  some  extent 
by  the  river  and  then  covered  with  alluvial  deposits.  At  many  places 
on  the  uplands  the  thin  overlying  deposits  are  cut  through  by 
streams  and  railways,  so  that  abundant  opportunities  are  presented 
for  studying  it  and  determining  its  extent. 

Lithologic  character, — The  formation  consists  of  interbedded  sands, 
clays,  and  lignitic  material.  Much  the  larger  part  is  sand,  which  is 
mostly  fine  grained,  though  here  and  there  throughout  the  forma- 
tion beds  of  medium  or  coarse  sand  or  even  gravel  may  b »  found. 
Such  coarser  beds  do  not  seem  to  be  continuous  over  any  large  area. 
While  it  is  probable  that  if  a  coarse  bed  is  struck  in  one  well  at  any 
given  depth  it  will  also  be  found  in  other  wells  in  the  immediate  vicin- 
ity, yet  at  Memphis  beds  reached  by  one  well  have  not  been  found  in 
other  wells  only  a  block  or  two  distant. 
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The  sands  exposed  to  view  are  usually  strongly  cross-bedded  and 
were  deposited  under  brackish-water  conditions  in  a  sea  characterized 
by  strong  and  ever  varying  currents,  so  it  is  not  strange  that  coarse 
sand  or  gravel  found  in  one  spot  should  be  wanting  a  short  distance 
away.  The  sand  is  usually  sharp  grained  and  much  of  it  is  so  fine  that  it 
can  not  be  kept  out  of  deep  wells  even  with  the  finest  strainers.  The 
color  of  the  sand  is  usually  a  cream  or  light  orange,  though  in  many 
places  streaks  of  it  show  rusty  browns,  light  pinks,  or  light  purples. 
In  exposed  sections  these  colors  may  wash  out  during  rains  and  color 
all  of  the  surface  beneath  them  so  as  to  give  erroneous  impressions  as 
to  the  real  color  of  much  of  the  section  unless  it  is  examined  by  digging 
into  it.  In  places  the  sand  is  darkened  by  lignitic  material  and  may 
appear  gray  or  grayish  black. 

The  clays  of  the  Lagrange  vary  from  pure,  fine-grained  plastic 
material  to  sandy,  silty  clays  that  are  often  dark  from  organic  matter 
or  black  from  lignite.  The  clays  of  the  lower  part  of  the  formation 
are  characteristically  fine  grained,  pure,  plastic,  and  either  very  light 
colored  or  white.  Chemically  they  are  highly  siliceous.  Without 
doubt  they  have  resulted  from  the  thorough  disintegration  of  the 
cherts  of  the  surrounding  Paleozoic  land  surface,  which  furnished  the 
waste  to  the  sea  of  that  day. 

The  plastic,  siliceous  clays  occur  as  lenses  embedded  in  the  sands  and 
are  found  outcropping  in  a  belt  along  the  eastern  part  of  the  Lagrange 
area  in  both  Tennessee  and  Kentucky.  At  numerous  places  they  are 
mined  and  either  used  in  local  potteries  or  shipped  in  the  raw  condi- 
tion to  other  States.  Many  of  the  beds  contain  great  numbers  of 
beautifully  preserved  leaf  impressions  and  numerous  collections  have 
been  made  of  these  remains.  The  writer  made  collections  at  Grand 
Junction,  Tenn.,  and  at  Hickman  and  WicklifFe,  Ky.  These  were  sub-  . 
mitted  to  F.  IL  Knowlton  for  identification,  and  his  detailed  report 
is  given  on  page  38,  in  the  discussion  of  tlie  age  of  the  beds  here 
included  in  the  Lagrange.  The  clays  mined  in  Pulaski  and  Massac 
counties,  111.,  appear  to  belong  not  to  this  but  to  the  Ripley  forma- 
tion, since  they  are  found  north  of  the  outcrop  of  the  Porters  Creek 
formation  along  the  Caledonia  blufl*. 

The  Lagrange  is  here  made  to  include  all  of  the  beds  between  the 
Porters  Creek  clay  beneath  and  the  Lafayette  gravel  above.  In  con- 
trast to  the  white  plastic  clays  which  characterize  the  lower  part  of  it 
and  outcrop  near  its  eastern  margin,  dark-colored  lignitic  clays  are 
often  very  prominent  in  its  upper  part  and  an^  exposed  along  the 
Mississip])i  blufts  or  are  penetrated  in  wells  in  the  western  portion  of 
the  area.  At  Memphis,  for  instance,  there  is  a  bed  of  blue  clay  about 
150  to  200  feet  thick  at  the  top  of  the  fornuition.  At  Randolph, 
Tenn.,  the  lower  part  of  the  blufl'  is  conipostnl  of  dark  lignitic  clays 
with  beds  of  lignite.     At  Hickman,  Ky.,  the  upper  part  of  the  for- 
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mation  is  composed  of  fine-grained  leaden-gray  siliceous  clays  under- 
lain by  darker  lignitic  sandy  clays.  Wells  at  several  other  places 
near  the  Mississippi  bluffs  report  dark  clays  or  silts  in  the  upper  part 
of  their  sections.  The  dark-colored  clays  found  at  these  various  places 
are  not,  however,  lithologically  similar,  and  wells  here  and  there  in 
the  area  just  east  of  the  Mississippi  bluffs  fail  to  report  it,  but  give 
sands  instead  in  the  upper  part  of  the  section.  This  indicates  that 
there  is  not  a  uniform  bed  of  clay  overlying  the  light-colored  cross- 
bedded  sands  familiar  in  Lagrange  outcrops  farther  east,  but  that 
there  are  several  clay  or  sandy-clay  lenses,  the  one  at  Memphis  being 
unusually  thick  and  uniform  in  character,  overlying  the  more  purely 
sandy  part  of  the  formation  and  making  up  its  upper  portion. 

The  writer  attempted  to  separate  this  upper  clay  portion  from  the 
lower  part  of  the  Lagrange  and  treat  it  as  a  distinct  formation.  It 
could  not  be  traced  by  means  of  well  records,  and  as  the  Lafayette 
gravel  almost  everywhere  conceals  all  underlying  beds  in  a  belt  10  to 
30  miles  wide  east  of  the  Mississippi  bluffs,  it  was  impossible  to  trace 
it  by  surface  exposures,  except  perhaps  by  such  an  amount  of 
detailed  work  as  was  clearly  out  of  the  question  in  the  time  available. 
The  effort  to  establish  the  clay  as  a  separate  formation,  therefore,  had 
to  be  abandoned.  It  is  entirely  possible  or  even  probable  that  the 
upper  part  should  be  separated  from  the  middle  and  lower  parts  and 
after  very  detailed  work  criteria  may  be  forthcoming  for  this  discrimi- 
nation. At  present  it  is  impracticable  and  all  the  beds  are  lumped 
together,  though  certain  facts  brought  out  under  the  discussion  of  the 
age  of  the  Lafayette  (p.  40)  render  it  probable  that  the  upper  clay  is 
considerably  younger  than  the  plant-bearing  clays  in  the  lower  part  of 
the  formation  at  Grand  Junction,  Tenn.,  and  elsewhere. 

Lignitic  material  is  found  throughout  the  formation,  but  is  more 
abundant  in  the  upper  part,  in  the  dark  clays  just. described.  In  the 
clay  pits  in  the  lower  port  of  the  formation  macerated  and  unidentifia- 
ble leaf  remains  occur  in  certain  layers  in  such  quantities  as  to  make 
them  look  like  rotten  strawboard,  as,  for  instance,  in  the  pits  just  east 
of  Grand  Junction,  Tenn.  In  places  thin  be^ls  of  lignite  are  reported 
in  the  lower  part  of  the  formation.  Beds  of  lignite  several  feet 
thick  near  the  top  of  the  formation  have  been  reached  in  numerous 
deep  wells  in  the  western  parts  of  Haywood  and  Weakley  counties, 
Tenn.,  and  a  number  of  natural  exposures  are  known  along  the  Missis- 
sippi bluffs.  Years  ago  attempts  were  made  at  several  places  to  mine 
the  lignite,  but  were  unsuccessful. 

Section. — Admirable  exposures  of  this  formation  are  to  be  found  at 
and  near  the  town  of  Lagrange,  Tenn.,  from  which  it  takes  its  name. 
Lagrange  is  situated  on  a  high  divide  running  east  and  west,  with  a 
steep  southward  slope  that  forms  the  northern  valley  wall  of  Wolf 
River  and  overlooks  both  the  river,  flowing  a  mile  away  and  200  fe< 
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below  it,  and  the  gently  rising  surface  on  the  south  side  of  the  river 
which  stretches  back  for  miles  befor  attaining  the  elevation  of  the 
north  side. 

Erosion  is  rapidly  attacking  this  steep  southern  slope  and  ravines 
100  to  150  feet  deep  are  eating  northward  into  the  divide  and  under- 
mining houses  in  the  town  of  Lagrange.  These  ravines  branch  and 
rebranch  a  number  of  times,  and  in  their  ramifications  present  admira- 
ble opportunities  for  study  not  only  of  the  Lagrange  but  alsti  of  the 
overlying  Lafayette  and  Columbia  formations.  A  view  taken  here  is 
shown  in  PI.  Ill,  A.  The  section  exposed  in  these  ravines  in  the 
southern  edge  of  the  town,  on  either  side  of  the  road  leading  south  of 
Wolf  River,  is  as  follows: 

Section  at  Ijttjrarufe,  Tenn. 

Columbia:  Feet. 

1 .  Soft ,  loos<»,  light-yellow  to  light-gray  sands,  rross-lK^dded 15-18 

2.  Soil  layer,  dark  with  organic  matter 1 

Lafayette: 

3.  Massive  btni  of  briek-red  sand,  case-hardened,  showing  very  even  top  but  very 

irregular  lower  surface  and  resting  uncx)nformahly  on  the  underlying  sand.     4-15 
Ijugrange: 

'I.  Soft  cross-lK»dded  sands,  mostly  line  but  in  places  coarse,  of  various  light 
col«)rs  such  as  nearly  white,  light  yellow,  faint  pink,  and  faint  purplish  with 
a  few  thin  crusts  and  small  rounded  or  short  tubular  concretions  of  sand 
ironstone  in  places.  Near  the  top  there  is  a  clay  lens  of  irregular  shape 
ranging  up  to  8  or  10  feet  thick 100 

The  lower  part  of  the  vsection  is  included  by  McGee**  in  the  Lafa- 
yette, whicli  throughout  northern  Mississippi  and  western  Tennessee 
he  considers  as  usually  tripartite,  the  upper  division  being  massive, 
case-liardened,  loamy,  brick-red  sand,  and  tlic  middle  and  lower  divi- 
sions being  softer,  brighter-colored  saiul.  often  with  clay  lenses  or  beds 
ccmtaining  leaf  impressions.  lie  would  place  the  lower  100  feet  of  the 
above  section  in  the  middle  and  lower  divisions  of  the  Ijafa5^ette  and 
regard  the  entire  LaTayette  at  Lagrange  as  *J()()  fcot  or  more  in  thick- 
ness. Klsewherc  in  the  sam(»  paj)cr,  however,  he  expresses  some 
doubt  as  to  \\w  correct ir'ss  of  tbis  conclusion. 

In  tho  writer's  studies  of  the  Lafayett(»  from  Maryland  southward 
across  the  intcrvcMiing  States  into  (l(M)rgia,  thence  westward  at  inter- 
vals into  Tennessee,  and  thenc<'  nortliward  in  more  detail  into  Illi- 
nois, he  has  never  found  it  to  contain  clay  len-^es  with  plant  impres- 
sions, nor  indeed  any  fossils,  except  those  of  otlier  ages  mechanically 
intnxhiced  into  it.  The  J.afayette  pro])er  should  (h)ubtless  be  lim- 
ited, as  Ililgard  and  others  limit  it  in  northern  Mississippi,  to  the 
uppermost  of  McCiee's  three  divisions,  and  his  lower  divisions  recog- 
nized as  belonging  to  some  older  fornnition,  which  in  the  section 
given  above  is  the  Lagrange.     Further  remarks  concerning  the  Hm- 
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itations  of  the  Lafayette  are  given  under  the  head  of  that  formation 
(p.  42),  and  under  the  Cohimbia  (p.  46)  reference  is  made  to  the  soil 
layer  and  overlying  sands  seen  in  the  Lagrange  section. 

Good  exposures  of  these  Lagrange  sands  and  clays  may  be  seen  at 
many  other  points.  The  clay  pits  and  ravines  near  Grand  Junction, 
Pinson,  and  Paris,  Tenn.,  and  Boaz  and  Mayfield,  Ky.,  afford  good 
opportunities  for  examining  them.  Exposures  of  a  few  feet  are  found 
at  numerous  places  near  Wickliffe,  Ky.,  and  an  excellent  section  of 
80  to  90  feet  is  presented  in  the  bluff  at  Columbus,  Ky.,  showing  all 
of  the  characters  of  the  typical  Lagrange. 

At  Hickman,  Ky.,  the  bluff  is  composed  almost  entirely  of  fine- 
grained, jointed,  blue  to  leaden-gray  siliceous  clay  that  extends  from 
30  feet  above  ordinary  water  level  in  the  Mississippi  upward  75  feet 
and  is  overlain  by  10  feet  of  Lafayette  gravel,  and  that  by  65  feet  of 
loess.  This  leaden-gray  clay  contains  numerous  small  calcareous 
concretions,  but  no  fossils  of  any  kind  were  found  in  it.  Beneath  it 
and  extending  down  to  and  below  water  level  are  30  feet  of  soft 
sandy  clay,  containing  much  disseminated  vegetable  matter  and 
identifiable  leaf  impressions.  A  collection  of  these  leaves  was  made 
and  sent  to  F.  H.  Knowlton,  whose  determinations  are  given  on 
page  38. 

The  75  feet  of  leaden-gray  clay  in  the  Hickman  bluff  differ  litho- 
logically  verj'  markedly  from  the  usual  type  of  Lagrange  sediments. 
The  underlying  30  feet  are  more  nearly  like  the  material  commonly 
seen  in  the  Lagrange  in  this  vicinity,  as,  for  instance,  in  the  lower 
part  of  the  Illinois  Central  Railroad  cut  at  Curve,  Tenn.,  a  section  of 
which  is  given  under  the  Columbia  (pp.  44,  93),  and  in  the  lower  part 
of  the  section  at  Randolph,  Tenn. 

Age. — Nowhere  in  the  region  under  discussion  have  marine  fossils 
been  found  in  the  Lagrange.  At  various  places,  however,  the  abun- 
dant plant  remains  found  often  so  beautifully  preserved  in  the  clays 
of  the  formation  have  been  collected  and  studied  by  paleobotanists, 
and  paleontologic  evidence  as  to  the  age  of  the  formation  is  limited 
to  the  results  obtained  from  such  study.  The  writer  made  collec- 
tions from  four  localities  while  in  the  field.  One  of  these  was  from 
a  clay  lens  in  the  lower  part  of  the  bluff  at  Columbus,  Ky.  The  sec- 
ond was  from  the  30  feet  of  sandy  clay  just  above  water  level  in  the 
bluff  at  Hickman,  Ky.  The  third  was  from  a  light-colored  indurated 
clay  found  in  the  south  bank  of  the  small  stream  in  the  southern 
edge  of  Wickliffe,  Ky.  This  spot  is  the  one  from  which  a  collection 
was  made  for  the  Kentucky  Geological  Survey  and  pronounced  by 
Ijesquereux  to  belong  to  the  Lignitic."  The  fourth  locality  is  a 
southward  sloping  hillside  on  the  road  about  halfway  between  La- 
grange and  Grand  Junction,  Teim.,  where  leaf-bearing  clays  are  well 
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exposed  in  numerous  recently  cut  gullies.     These  collections  were 
sent  to  F.  H.  Knowlton,  whose  report  on  them  is  as  follows: 

The  present  collection  consists  of  a  large  number  of  leaves  very  beautifully  preserved, 
for  the  most  part  in  fine-grained  plastic  clay,  occasionally  in  a  more  sandy  cJay.  The  col- 
lection has  been  very  carefully  made,  and  the  collector  is  to  \ye  congratulated  on  the  highly 
satisfactory  manner  in  which  it  comes  to  hand  for  study. 

Fossil  plants  from  this  general  region  have  long  been  known,  the  first  collection  to  which 
scientifi(v  attention  was  directed  being  apparently  that  described  by  Lesquereux  from  near 
SomerviUe,  Fayette  County,  Tenn.,  obtained  by  J.  M.  SafTord,  and  from  the  banks  of 
Mississippi  River  near  Columbus,  Ey.,  collected  by  Owen  and  Lesquereux.o  The  species, 
of  which  several  were  described  as  new,  were  not  figured  in  Lesquereux 's  paper,  but  ten 
years  later  (1869)  were  incorporated  by  SafTord  into  his  Geology  of  Tennessee  f>  and  a  sin- 
gle plate  devoted  to  them.  Not  all  the  new  species  were  figured  even  at  this  time,  but  in 
working  up  a  collection  of  plants  from  the  Tertiary  of  Mississippi  Lesquereux  took  occasion 
to  describe  and  figure  several  species  from  Lagrange,  Tenn.,  which  were  regarded  as  of  the 
same  age  as  those  from  Mississippi.  <"  Nearly  twenty  years  lat<»r  two  small  collections  made 
in  the  interest  of  the  Kentucky  Geological  Survey  were  described  by  Lesquereux. <<  One 
of  these  was  from  Boaz  station,  Graves  County,  Ky.,  and  the  other  from  Wickliffe,  Bal- 
lard Count)',  Ky.     Remarks  on  the  age  of  the  beds  at  these  localities  will  be  made  later. 

The  present  collection  embraces  fossils  from  four  localities,  as  follows: 

1.  Columbus,  Ky.  This  material,  a  white  sandy  clay,  contains  two  species  of  Quercus 
and  apparently  a  single  species  of  Salir,  none  of  them,  so  far  as  I  can  make  out,  being 
identical  with  the  forms  mentioned  by  Lesquereux  from  thus  locality.  Probably  a  more 
extended  search  among  living  species  would  sliow  affmitios  With  these,  but  this  I  have  not 
been  able  to  give  at  this  time. 

2.  Hickman,  Ky.  This  is  also  a  sandy  clay,  and  embraces  three  forms— a  single  leaf 
each  of  a  Saliaf  and  ^fenisp€rmum  canacUnse  L.  and  the  balance  a  cx)mpf)und  leaf  of  what 
appears  to  be  Tecoma  ra^ican^  L.,  or  something  near  it. 

3.  WicklifTe,  Ky.     The  largest  and  l)est  lot,  afTordino;  tlio  following  forms: 

Salix  angiista  Al.  Br.  Qiiorcus  n.  sp.? 

Salix  sp.  Myrica  copeana  Lesq. 

Quercus  safTordi  Leaq.  Eucalyptus  n.  sp. 

Quercus  neriifolia  Al.  Br.  Sapindiis  aii«ru.«itif(>liiia  Lesq. 

Quercus  raoorii  Lescj.  Sapindus  diihiiis  <  I'ngor. 

4.  Near  Grand  Junction,  Tenn.  The  same  kind  of  mutorial  as  the  last,  containing  the 
following: 

Monocotyledonous  plant  (fragments).  Sapindus  sp. 

Salix  angusttt  Al.  Br.  Cinnamoimim  if  sp.? 

Quercus  (2  species).  Ceanotluis  ineiusii  Jjosq. 

fJuojlaris  safFordianu?  Le.s(j.  Acacia  sp.  (iiov.^). 
Sapindus  angustifolius^  Tjes(j. 

In  I>'squereux's  ori^jinal  publication  tlie  beds  at  Soineiville  imd  Cdlumbus  were  referred 
to  the  Pliocene,  as  was  that  at  Boaz  station,  ])Ut  later  lie  rejxarded  the  deposits  at  Somer- 
viUe as  "most  intimately  related  to  the  Miocene  of  Kuroi)e."  SafFord  in  his  Geology  of 
Tenness<»e  inclined  to  the  opinion  that  the  Orange  sand,  wliicli  included  the  SomerviUe  bed, 
should  probal)ly  be  regarded  as  F^)ceiie,  and  appan-ntly  Ij<vs(juereux  accepted  this  deter- 
mination, for  in  his  report  on  the  Missi.^^sippi  plants  he  i-efeir<ul  tlietn  to  the  so-called 
Eo-Li^nitic.     The  WicklifTe  deposit  was  referred  by  Ix's()u<m<mi\  direct  ly  to  the  lower  Eocene. 

Comin<:^  to  the  pres<*nt  collections,  I  see  no  reason  to  <ju<>«<tion  the  rorrectness  of  referring 
the  Columbus  fossils  to  the  Pliocene,  although  I  have  not  been  al)le  to  identify  any  of  the 
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forms  present  with  those  mentioned  by  Lesquereux.  The  apparent  preponderance  of 
living  species  would  make  it  unlikely  that  the  age  should  be  older  than  Pliocene.  The 
plants  from  Hickman,  Ky.,  although  not  identical  with  those  from  Columbus,  are  so 
modem  in  appearance  that  I  regard  them  as  Pliocene  in  age. 

The  plants  from  Wickliflfe  and  near  Grand  Junction  are  similar  in  appearance  and  I 
regard  them  as  of  the  same  age,  but  their  exact  position  is  at  present  a  little  uncertain 
in  my  mind.  That  they  are  of  the  same  age  as  those  from  Mississippi  is  hardly  to  be 
questioned,  and  I  suppose  they  are  to  be  regarded  as  "Eo-Lignitic*'  or  Eocene,  but  they 
are  so  well  preserved  and  in  general  so  modem  in  appearance  that  I  can  not  rid  myself 
of  the  notion  that  they  should  be  placed  in  the  Miocene.  However,  I  have  not  seen  any 
of  the  field  relations  and  so  can  not  well  define  this  impression.  They  are  the  same  foims 
as  those  from  Mississippi  and  belong  to  what  has  been  called  Orange  sand  or  Eo-Lignitic, 
but  they  seem  quite  unlike  other  Eocene  floras  with  which  I  am  familiar. 

There  would  seem  to  be  no  question  that  the  bed  near  Grand 
Junction,  the  more  eastern  locaUty  from  which  collections  were 
made  in  Tennessee,  and  that  at  Wickliflfe,  the  more  northern  one  in 
Kentucky,  each  representing  deposits  that  are  typical  of  the  Lagrange, 
are  of  the  same  age  as  those  carrying  the  fossils  described  from 
Mississippi.  These  are  generally  regarded  as  belonging  to  the 
*'Lignitic"  and  are  consequently  of  Eocene  age. 

The  beds  at  Columbus  and  Hickman  are  undoubtedly  in  the 
upper  part  of  the  Lagrange  formation  as  defined  here.  Whether 
they  are  both  of  the  same  age,  and  also  whether  they  may  be  cor- 
related with  the  clays  just  beneath  the  Lafayette  at  Memphis  or 
are  older  or  younger,  can  not  be  determined  from  the  data  at  hand. 
Lithologically  the  Columbus  beds  are  not  distinguishable  from 
other  exposures  of  typical  Lagrange  deposits,  but  they  diflTer  in 
api>earance  from  the  beds  at  Hickman,  and  if  the  two  are  of  different 
age  the  Columbus  beds  are  probably  slightly  older. 

Loughridge"  thought  the  Hickman  beds  to  be  the  oldest  Eocene 
deposits  in  Kentucky  and  placed  them  provisionally  as  a  distinct 
group — the  Hickman — beneath  the  Porters  Creek,  though  he  recog- 
nized and  stated  that  their  exact  position  with  reference  to  the 
other  divisions  of  the  Eocene  had  not  been  positively  ascertained. 
From  a  study  of  their  field  relations  and  of  well  sections  made  since 
Loughridge's  work  was  done  there  can  be  no  doubt  that  the  Hickman 
beds  are  younger  than  the  main  body  of  the  Lagrange,  and  are  among 
the  youngest  of  the  pre-Lafayette  deposits  of  the  region. 

The  question  then  arises  whether  they  are  of  the  same  age  as 
the  rest  of  the  Lagrange  beneath,  or  whether  there  is  an  unconformity 
in  the  Lagrange  as  here  defined  and  the  upper  part  should  be  sepa- 
rated and  regarded  as  of  distinctly  later  age.  There  is  not  at  present 
sufficient  stratigraphic  evidence  for  such  a  separation,  but  the 
character  of  the  plants  would  seem  to  favor  it  and  it  may  be  estab- 
lished by  more  detailed  stratigraphic  work  and  additional  con- 
finnatory  paleobotanical  evidence,  so  that  the  Hickman  deposits 
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and  other  beds  similarly  situated  along  the  Mississippi  blufT,  including 
l>erhaps  the  200  feet  of  clay  at  Memphis,  would  be  assigned  to  the 
Miocene  or  Pliocene. 

Following  the  example  of  SafTord  in  recording  his  belief  as  to  the 
age  of  the  leaf  beds  near  Lagrange, °  and  that  of  Knowlton  in  the 
report  given  on  pages  38-39,  in  speaking  of  the  age  of  the  WickUflFe 
and  Grand  Junction  beds,  the  writer  can  riot  refrain  from  also 
recording  his  impression  that  these  upper  Lagrange  beds  are  not  of 
PUocene  age  but  belong  to  the  Lignitic,  and  so  are  Eocene,  though 
he  recognizes  that  this  is  but  an  impression  gained  during  field  studies 
and  that  the  evidence  of  the  plants  would  seem  to  be  against  it. 
Until  conclusive  evidence  is  obtained  for  one  view  or  the  other  it 
seems  best  to  include  the  deposits  in  question  in  the  Lagrange. 

Nomenclature, — The  terms  Orange  sand  and  Lagrange  have  both 
been  applied  by  SafTord  to  these  deposits.  So  much  confusion  has 
arisen  from  the  different  usages  of  the  term  Orange  sand  by  different 
geologists  that  by  common  consent  it  has  been  discarded.*' 

Thickness. — In  the  deep  well  at  Memphis  the  Lagrange  is  963 
feet  thick.  The  well  at  Dyersburg  penetrated  678  feet  of  it  and  one 
at  Hickman  750  feet  without  in  either  case  reaching  its  base.  In 
the  Jackson  well,  near  the  eastern  edge  of  the  formation,  its  base  was 
reached  at  a  depth  of  160  feet.  At  Wickliffe  it  is  430  feet  thick  and 
at  Cairo  325  feet.  The  base  of  the  formation  dips  from  the  margin 
of  the  deposit  toward  the  center  of  the  basin  at  from  22  to  27  feet 
per  mile. 

PLIOCEinE  BERIEB. 
LAl-'AYETTE   I-XJRMATION. 

Extent. — Over  all  the  above-described  formations  of  the  embay- 
ment  region,  and  extending  for  miles  fartlier  eastward  over  the 
adjoining  Paleozoic  rocks,  there  is  a  tliin  bhmket  of  sand  and  gravel 
that  averages  not  over  20  feet  in  thickness,  but  may  in  places 
thicken  to  40  feet  or  more. 

This  blanket  is  unbroken  over  niiicli  of  tlie  area,  especially  in  the 
more  level  region  away  from  tlio  streams.  Tlu*  main  streams  have 
generally  cut  through  and  removed  it,  but  in  ascending  the  sides 
of  their  valleys  one  usually  crosses  the  outcro])  of  the  Lafayette 
before  reaching  the  general  upland  surface. 

In  certain  areas,  however,  it  has  been  lar^'ly  removed  by  erosion. 
Such  areas  are  generally  those  containing;  thc^  outcrop  of  one  of  the 
relatively  im]>ervious  day  formations  already  described,  such  as 
the  Selma  clay  or  the  Porters  Creek,  while  the  more  ])ervious  sandy 
formations    on    either    side    retain    their    Lafayette    capping,    only 

aSuffoni,  J.  M..  Geology  of  Tcnncs.sco,  ls<,u.  ]>.  42U. 
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slightly  affected  by  erosion.  An  explanation  of  this  selective  removal 
has  already  been  given  (p.  17). 

In  Illinois  the  Lafayette  is  revealed  beneath  the  loess  in  the 
deei>er  ravines  and  road  and  railway  cuts  and  in  the  upland  portions 
of  Massac  and  Pulaski  counties.  Round  Knob,  5i  miles  north  of 
Metropolis,  in  sees.  11  and  12,  T.  15  S.,  R.  4  E.,  is  capped  by  Lafayette 
ironstone  conglomerate,  4  or  5  feet  being  visible.  The  deeper  cuts 
on  the  Big  Four  Railroad  near  New  Grand  Chain  station  show 
Lafajrette  gravel  under  the  loess,  and  the  highways  at  intervals  cut 
into  it.  The  cut  on  the  Illinois  Central  Railroad  in  the  southern 
edge  of  Villa  Ridge  shows,  beneath  15  to  20  feet  of  loess,  15  feet  of 
Lafayette  gravel  resting  on  sands  that  may  be  of  Cretaceous  age. 
No  effort  was  made  to  trace  the  Lafayette  to  the  north  beyond  the 
edge  of  the  embayment  deposit,  so  that  its  northward  extent  in 
Illinois,  just  as  its  eastward  extent  in  Tennessee,  was  not  determined. 

It  has  not  been  possible  in  the  time  devoted  to  this  work  to  attempt 
to  discriminate  in  detail  the  areas  in  which  the  formation  is  mainly 
absent  from  those  in  which  it  is  present.  Even  in  areas  where  it  is 
predominantly  absent  small  scattered  remnants  of  it  are  often  found. 
On  the  geologic  map  (PI.  I,  p.  26)  it  is  represented  as  a  surficial 
deposit  covering  the  entire  area. 

Character. — The  sand  which  makes  the  larger  part  of  the  forma- 
tion is  usually  orange  or  brick  red  in  color  and  is  often  case-hardened 
and  massive.  Locally  it  is  cemented  by  ferruginous  matter  into  a 
firm  red  or  rusty-brown  sandstone  and,  instead  of  being  massive  and 
structureless,  is  distinctly  stratified  or  cross-bedded. 

The  sands  are  often  accompanied  by  gravels,  which  usually  form 
the  basal  part  of  the  formation,  though  locally  they  may  occur  in 
any  part  of  the  sand  as  narrow  bands  or  be  scattered  irregularly 
through  it.  These  gravels  are  especially  prominent  near  Tennessee, 
Ohio,  and  Mississippi  rivers.  At  many  places  along  or  near  these 
streams  the  formation  consists  solely  of  a  thick  gravel  bed.  Am  ay 
from  these  streams,  as  a  rule,  the  amount  of  gravel  is  much  less  and 
the  average  size  is  smaller,  showing  very  plainly  that  the  streams 
have  had  an  important  influence  in  determining  the  distribution 
of  the  gravel. 

The  gravel  phase  is  somewhat  prominent  in  the  region  just  west 
of  Tennessee  River,  though  there  is  apparently  a  decrease  in  the 
average  size  of  the  gravel  as  one  goes  downstream.  The  gravel 
in  the  Lafayette  of  Hardin  (bounty,  Tenn.,  for  instance,  is  coarser 
than  that  in  Calloway  County,  Ky.  The  gravel  pit  on  the  Shiloh 
National  Park  road  just  south  of  Snake  Creek  shows  15  feet  of  well- 
rounded  gravel  that  averages  from  1  inch  to  2  inches  in  diameter, 
though  much  of  it  is  3  inches  and  an  occasional  piece  reaches  12 
inches.     Most  of  this  deposit  is  chert  stained  yellow  by  iron,  bi 
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there  are  some  pieces  of  sandstone,  quartzite,  and  vein  quartz,  and 
a  piece  of  dark-purplish  porphyry  containing  red  jasper  was  seen. 

At  Memphis  the  gravel  is  well  rounded  and  almost  entirely  of 
chert.  The  thickness  of  the  bed  varies  from  a  feather  edge  up  to 
45  or  50  feet.  At  Columbus,  Ky.,  the  Lafayette  is  45  feet  thick, 
the  lower  20  feet  consisting  of  yellow  chert  gravel  with  average 
maximum  diameters  of  1  inch  to  1 J  inches,  but  with  a  4-inch  layer 
of  3  to  4  inch  pebbles.  The  upper  15  feet  consist  of  a  clayey  sand 
at  the  base,  grading  into  a  gravel  bed  in  the  upper  part.  A  few  of 
the  smaller  and  best  rounded  pebbles  are  of  vein  quartz,  but  a  very 
careful  search  here  and  at  other  places  along  the  Mississippi  failed 
to  reveal  any  pebbles  of  granitic  or  other  crystalline  rocks  that 
might  have  had  a  northern  origin. 

Where  the  Lafayette  contains  an  abundance  of  gravel  the  line 
of  unconformity  at  its  base  is  easily  recognized,  but  where  gravel 
is  absent  and  the  formation  consists  of  materials  very  similar  to 
those  of  the  underlying  beds  and  probably  formed  from  them  by  a 
slight  reworking  it  becomes  a  matter  often  of  much  diflBculty  to 
determine  the  contact. 

While  variations  of  material  occur  in  the  Lafayette,  not  only  in 
different  sections  but  even  in  the  same  section,  the  formation  can 
not  be  divided,  at  least  in  the  area  under  consideration,  into  two  or 
more  members,  but  must  be  regarded  as  a  unit  one  of  whose  prom- 
inent characteristics  is  its  variability.  Its  composition  at  any  one 
place  is  at  once  a  result  and  an  index  of  the  underlying  materials 
from  which  it  has  principally  been  derived,  the  greatest  exception 
to  this  rule  being  in  those  areas  where  the  larger  streams  have  added 
to  it  their  tribute  of  foreign  gravel. 

ThicJcn^ss. — It  has  already  been  stated  in  the  discussion  of  the 
Lagrange  section  (p.  36)  that  of  McGee's  three  divisions  of  the 
Lafayette  only  the  uppermost  is  really  Lafayette,  while  the  lower 
two  are  Lagrange.  Nowhere  in  the  region  is  there  evidence  that 
the  Lafayette  reaches  any  notable  thickness.  If  it  is  anywhere  50 
feet  thick  it  is  exceptional,  while  half  this  amount,  or  even  less, 
would  be  nearer  the  average. 

The  Lafayette  usually  contains  an  abundance  of  ferruginous  matter, 
which  gives  it  tlio  deep-red  color  so  characteristic  of  the  formation 
and  which  in  many  places  has  cemented  tlio  gravels  into  an  ironstone 
conglomerate  that,  where  erosion  lias  been  especially  vigorous,  may 
be  seen  in  remnants  capping  the  liills,  while  blocks  from  the  under- 
mined portions  strew  their  sides.  In  some  places  the  sands  are  simi- 
larly cemented  into  a  red  sandstone.  Where  tlie  gravel  is  loose,  as 
is  more  commonly  the  case,  the  ferruginous  matter  is  usually  present 
in  large  (juantities  and  makes  the  Lafayette  gravel  a  most  excellent 
road-building  material  by  binding  it  together,  so  that  it  soon  packs 
into  a  £rm,  hard  road.     Often  a  t\\m  s\\e\\  ox  \)\^Vq;  cil  vco\^ston.e  makes 
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the  very  base  of  the  Lafayette,  and  in  some  cases  is  thick  enough  to 
prevent  the  downward  passage  of  percolating  waters  and  thus  form 
a  local  impervious  stratum  above  which  the  sands  may  be  saturated 
with  water,  while  the  underlying  sands  may  be  practically  dry. 

Ironstone  conglomerate. — From  inequalities  of  elevation  of  the  basal 
impervious  layer  the  water  above  it  may  be  in  small  basins  separated 
by  areas  where  wells  would  fail  to  find  water  and  two  neighboring 
basins  might  not  have  water  at  the  same  level.  If  the  impervious 
bottom  of  one  of  these  be  dug  through,  the  water  in  it  at  once  drains 
downward  into  the  dry  sand  below.  These  relationships  are  shown 
graphically  in  fig.  5. 

Section  at  Ripley  y  Tenn. — In  the  center  of  the  deep  railway  cut  at 
Ripley,  Tenn.  (PI.  Ill,  B),  Lagrange  sands  and  clays  extend  up  25 
feet,  but  disappear  beneath  track  level  toward  each  end  of  the  cut. 
On  the  crest  of  the  hill  of 
Lagrange  material  thus  _^q^^occj^ 
revealed  there  are  4  or  5 
feet  of  red  case-hardened 
Lafayette  sand  that 
thickens  on  the  flanks  of 
the  hill  to  8  or  10  feet 
near  the  end  of  the  cut. 
Over  this  sand  in  the  cen- 
ter of  the  cut  are  4  feet  of 
gravel  in  soft,  loose,  light- 
colored  sand  which  grades 
up  into  a  dark-colored, 
damp,  clayey  loess  10  feet 
thick,  overlain  by  a  light- 
colored,  dryer,  more  pul- 
verulent loess  18  feet 
thick.  At  many  points  in 
the  cut  it  is  impossible  to  be  sure  of  the  existence  of  a  line  of  uncon- 
formity between  the  Lafayette  and  the  underlying  Lagrange  sands. 
The  soft  light-colored  sand  and  gravel  between  the  Lafayette  and  the 
loess  belong  to  the  Columbia  (as  does  the  loess)  and  are  referred  t(» 
again  in  the  discussion  of  that  formation  (pp.  44,  46). 

QUATERNARY    SYSTEM. 
PLEISTOOEKE  BERIEB. 
COLUMBIA   FORMATION. 

Three  kinds  of  deposits  in  this  region  will  be  grouped  together 
under  the  Columbia  formation.  The  first  and  oldest  is  a  loose  sand 
which  overlies  tlie  Lafayette  and  underlies  the  loess,  which  is  the 
second  of  the  deposits  here  included.  The  third  is  a  loam  that  ovei^ 
lies  the  loess  in  the  area  where  the  latter  is  found  and  extends  eas^M 
that  area  for  miles  as  a  thin  mantle  spread  oveY  \,lckfc  Lk^l^-^^VX^.     " 
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Fio.  5.— Diagram  showing  local  water-bearing  basins  at 
various  levels  above  dry  sand.  Well  a  obtains  water 
from  a  local  water-bearing  basin  at/.  Well  d  struck  a 
similar  but  slightly  deeper  local  basin,  but  pierced  the 
underlying  impervious  layer  and  allowed  the  basin  to 
be  drained  downward.  The  well  was  abandoned  before 
permanent  water  was  reached.  Wells  6  and  c  failed  to 
find  water  at  either  the  /  or  the  g  level;  6  was  aban- 
doned as  a  dry  hole;  c  was  continued  slightly  farther 
to  permanent  water  level.  Basins  like  g  arc  sometimes 
drained  by  fissures  caused  by  earthquakes  in  this  region. 
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Sands. — At  some  places  alon*;  the  Mississippi  bluffs  and  in  a  belt  10 
to  20  miles  wide  east  of  the  hlulFs  the  loess  seems  to  rest  unconfonn- 
ably  directly  on  the  Lafavette  sands  or  j^jravels.  At  other  places, 
however,  there  is  a  distinctly  dilFerentiated  bed  of  soft,  loose,  light- 
colored  sand  between  the  two.  This  sand  often  contains  roundwl 
pebbles  similar  to  those  of  the  Lafayette  beneath,  from  which  they 
have  evidently  been  derived.  Like  the  sand,  which  may  also  have 
originated  from  the  Lafayette,  the  pebbles  are  usually  bleached  to  a 
light  gray.  This  difference  in  color  and  the  softness  of  the  sand 
serve  to  differentiate  the  deposit  at  once  from  the  red,  case-hardened 
Lafayette  !)eneath.  This  sand  may  range  in  thickness  up  usually  to 
4  or  5  and  exceptionally  to  10  or  12  feet,  and  may  attain  its  maximum 
and  disappear  again  in  100  or  200  yards. 

It  commonly  though  not  ever\'\vhere  show-s  distinct  unconformity 
on  the  Lafayette  beneath  and  as  a  rule  seems  to  grade  upward  into 
the  lower,  darker  j)art  of  the  loess  without  any  perceptible  break. 
Where  the  sand  seems  to  be  absent,  the  lowest  part  of  the  loess  is 
usually  somewhat  sandy  and  may  contain  a  small  pebble  here  and 
there  for  several  feet  upward  from  its  base.  It  is  likely  that  in  such 
cases  the  sandy  basal  part  of  the  loess  is  the  representlitive  of  the 
sand  found  elsewhere. 

In  the  railway  cut  at  Ripley,  Tenn.,  a  section  of  which  is  given  on 
page  48,  the  soft  sand  and  grav^el  ov(»r  the  Lafayette  is  usually  sharply 
limited  below,  but  in  a  f<»w  ])laces  seems  tt)  grade  into  the  Lafayette. 
Near  tlie  ends  of  the  cut  the  gravel  in  it  practically  disappears. 
Another  excellent  exposure  o{  this  sand  is  found  some  miles  north  of 
Ripley  in  tlie  deep  railway  cut  at  C'urve.  Tenn.,  where  the  Lafayette 
is  overlain  by  a  soft,  light-colored,  loose  sand  with  gravel  that  varies 
from  a  knife-(»(lge  to  8  feet  in  thickness  and  grades  up  into  a  dark 
silty  loess.     A  view  «)f  tliis  cut  is  given  in  PI.  IV.  .1. 

It  seems  very  probable  that  this  bed  of  soft  sand  and  gravel  is  not 
conlinfMJ  to  the  narrow  Ix^lt  in  which  th(»  loess  occurs,  but  extends 
east  wan!  over  nuich  i)f  the  region  in  which  hitcM"  deposits  overlie  the 
Lafayette,  as  (he  section  at  Maylield  (p.  1.*^"))  shows  the  presence  of 
such  a  layer  hciwreu  (he  Lafayctie  gravel  and  the  surface  loam,  and 
similar  conditions  wtMe  seen  at  «)ilier  phiees.  in  man}'  exposures, 
lio\\(*ver.  sueh  djll'erent iat ion  t»f  the  material  over  the  Lafayette  in 
the  niichlle  and  eastern  parts  t>f  the  area  can  not  be  satisfactorily 
made.  Killier  tliis  ha^al  sand  and  gravel  j)liase  of  the  Columbia 
disapp(^ar^  in  j>la('<'s,  o]-,  as  is  ilu)uglir  more  pi'obahle,  it  merges  by 
t-hange  of  material  into  the  loaniv  plias<*,  >o  that  where  the  two  are 
found  together  because  of  the  ahsen^H*  (»f  tlie  loess  which  separates 
I  hem  ah)ng  tiie  Mississippi  hlull's  they  are  MendtHl  into  a  unit. 

LiKss.  This  meml)tM-  extends  eastward  LM)  lo  :>[)  miles  from  the 
edge  of  the  blulfs  t)verlooking  the  Missis>ip|)i  hottoms.     In  the  bluffs 
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.4.     CUT  AT  CURVE,  TENN. 
Showing  at  "a"  local  ironstone  hardpan  at  base  of  Lafayette,  resting  on  Lagrange. 


B.     LOESS  BLUFF  AT  MEMPHIS.  TENN. 
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it  is  usually  between  50  and  75  feet  thick,  but  locally  exceeds  or  falls 
short  of  those  figures.  It  is  reported  to  reach  a  thickness  of  200  feet 
in  places  in  western  Tennessee,  but  the  writer  has  never  seen  it  quite 
as  much  as  100  feet  thick.  From  its  maximum,  thickness  along  the 
Mississippi  bluffs,  as  given  above,  the  loess  thins  eastward  to  a 
feather-edge  before  it  disappears.  This  thinning  renders  it  difficult 
to  fix  any  but  a  somewhat  arbitrary  line  to  mark  its  eastexn  edge, 
and  the  difficulty  is  enhanced  by  the  fact  that  in  some  sections, 
instead  of  thinning  out,  it  appears  to  grade  over  into  the  loamy  phase 
of  the  Columbia. 

As  seen  in  a  number  of  excellent  sections,  the  loess  is  composed  of 
8  lower  dark  part  and  an  upper  lighter  one.  The  lower  part  seems 
to  be  denser  or  less  porous  than  the  upper.  It  c(mtains  more  clay 
and  will  remain  damp  longer.  The  day  is  so  abundant  in  many  sec- 
tions that  the  material  is  easily  plastic  when  damp,  and  on  drying  it 
shows  in  places  a  tendency  to  shrink  and  crack  open.  More  usually, 
however,  this  lower  part  presents  when  dry  the  same  jiceneral  appear- 
ance as  the  upper  part,  except^  that  it  preserves  the  darker  color. 
In  weathering  the  lower  part  disintegrates  and  wears  back  less 
rapidly  than  the  upper  part,  so  that  in  places  a  shoulder  or  change 
of  slope  is  developed  where  the  two  divisions  meet.  This  was  well 
shown  in  the  deep  railway  cut  at  Ripley,  Tenn.,  before  the  recent 
widening  was  done  in  double  tracking  the  Hne.  The  darker,  more 
silty  portion  of  the  loess,  which  seems  to  grade  down  into  the  sand 
and  clay  member,  as  already  mentioned,  is  quite  distinct  from  the 
upper  part.  The  same  distinction  is  to  be  seen  in  the  cut  at  Curve, 
Tenn.  At  Memphis  (PI.  IV,  5),  Randolph,  and  elsewhere  the  same 
bipartite  character  is  shown  by  the  loess.  The  upper  part  is  the 
typical  porous,  open-textured,  light,  ashen-colored  loess.  In  it  and 
the  lower,  darker  portion  alike  are  found  the  usual  calcareous  con- 
cretions, small,  irregular  in  their  distribution,  and  many  of  them 
curiously  shaped. 

In  each  case  observed  the  lower  portion  is  thinner  than  the  upper 
and  the  line  between  the  two  is  horizontal  and  distinct.  It  may  be 
questioned,  however,  whether  this  line  represents  a  rapid  transition 
without  interruption  in  the  deposition  of  the  loess  or,  as  is  claimed 
by  some,  is  indicative  of  an  actual  break  in  the  process  and  represents 
a  time  interval  between  two  periods  of  loess  formation.  Without 
wishing  to  express  a  decided  opinion  on  the  subject  until  he  has  had 
opportunity  for  further  and  more  detailed  study,  the  writer  is  inclined 
to  the  former  view  and  would  provisionally  regard  the  loess  in  the 
area  here  considered  as  the  product  of  one  period  of  deposition  rather 
than  two. 

Over  much  of  the  first  tier  of  counties  east  of  Mississippi  River  in 
Tennessee  and  Kentucky  the  loess  averages  30  feet  in  thickness.     It 
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accordingly  conceals  the  Lafayette  except  in  an  occasional  stream 
cutting.  In  southern  Illinois  practically  all  of  the  upland  area  in 
which  embayment  deposits  occur  is  overspread  with  a  sheet  of  loess, 
usually  a  score  or  more  feet  in  thickness. 

The  exact  mode  of  formation  of  loess  deposits  has  been  a  matter 
of  much  discussion  and  difference  of  opinion,  but  all  are  agreed  that 
the  material  of  the  loess  is  the  finely  ground  rock  flour  resulting  from 
glacial  erosion.  The  loess  of  the  Mississippi  Valley  owes  its  origin  to 
the  great  ice  sheet  that  covered  all  of  the  northern  part  of  the  valley 
and  extended  in  southern  Illinois  to  within  20  miles  of  the  head  d 
the  embayment  deposits.  There  are  differences  of  opinion,  however, 
in  regard  to  the  manner  of  deposition  of  the  material.  Some  insist 
that  it  has  been  transported  and  deposited  by  the  wind.  Others 
believe  it  has  been  transported  by  streams  and  deposited  in  water 
either  on  a  flood  plain  or  in  the  bottom  of  a  lake — that  it  is  fluviatile 
or  lacustrine  instead  of  eolian. 

Without  entering  into  a  detailed  discussion  of  the  evidence  for  the 
conclusion  here  stated,  the  writer  may  state  his  belief  that  the  loess 
of  the  region  under  consideration  is  of  fluviatile  and  not  of  eolian 
origin.  The  grading  upward  of  the  sands  and  gravels  into  the  loess, 
the  local  occurrence  in  the  loess  of  sandy  streaks  that  must  have  been 
water-laid,  the  bipartite  division  of  the  loess  seen  widely  over  the 
region,  the  regularity  or  evenness  of  the  contact  plane  between  the 
two  parts,  and  the  absence  of  wind-deposit  structure  all  give  basis  for 
the  opinion  here  expressed  as  to  the  mode  of  deposition. 

Loam. — The  third  i)hase  of  the  Columbia  formation  in  this  region 
is  a  yellowish  or  brownish  loam  in  most  of  the  area  of  its  occurrence, 
tiiough  in  som(»  places  it  becomes  a  soft  sand  with  very  little  argil- 
laceous material.  This  pliase  is  found  mainly  to  the  east  of  the  area 
of  tlie  loess  and  is  to  be  regarded  as  lar^xely  the  e(|uivalent  of  that 
member,  though  in  some  places  in  the  loess  area  a  few  feet  of  loam 
overlie  the  loess. 

Tlie  loose  sand  at  the  base  of  the  Columbia  blends  with  the  overly- 
ing loam  east  of  the  loess  area  just  as  it  grades  up  into  the  loess 
wliero  the  hitter  overlies  it.  In  some  places  tlie  blended  sand  and 
loam  may  be  rather  sandy,  while  in  others  they  may  grade  into  a 
clay.  The  best  exam]>le  of  the  saiuly  phase  is  found  at  Lagrange, 
Tenn.,  where  the  Lafayette  is  overlain  by  a  layer  of  black  soil  a  foot 
thick,  and  that  by  15  feet  or  more  of  soft,  li^^ht-colored,  cross-bedded 
sand.  This  was  the  only  locality  in  the  entire  region  where  a  soil 
layer  was  found  between  the  Lafayette  and  the  Columbia.  A  simi- 
lar soil  layer  was  found  by  McGee  at  Holly  Springs,  Miss.°  The 
appearance  of  the  soil  layer  and  the  overlying  sand  at  Lagrange, 
considered  in  connecticm  with  its  peculiar  topographic  relationships, 

a  MctJce.  W  J,  The  Lafayetto  formation:  Twelfth  Ann.  Kept.  V.  S.  Gcol.  Sunoy,  pt.  1,  1891,  p.  460. 
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suggests  very  strongly  that  the  cross-bedded  sand  over  the  soil  may 
be  a  local  wind-made  deposit  of  recent  origin  rather  than  a  part  of 
the  Columbia.  It  caps  the  southward-facing  scarp  that  overlooks 
Wolf  River.  The  steep  slope  down  to  the  river  is  cut  by  many  deep 
ravines  whose  bare  sides  are  of  soft,  loose  Lagrange  sand.  It  is  con- 
ceivable that  the  strong  winds  from  the  south  blowing  up  the  ravines 
might  catch  up  the  loose  sand  and  carry  it  to  the  top  of  the  scarp  in 
such  quantities  as  to  account  for  the  cross-bedded  sands  found  there 
over  the  soil  layer.  The  ascending  sand-bearing  air  current  would, 
on  reaching  the  top  of  the  scarp,  produce  an  eddy  in  which  the  sand 
would  be  dropped,  as  is  illustrated  in  fig.  6. 

Although  the  writer  has  not  seen  the  Holly  Springs  occurrence 
referred  to  above,  yet  McGee^s  statement  that  the  topographic  rela- 
tionships are  exactly  similar  to  those  at  Lagrange  is  highly  suggestive 
of  a  similar  eolian  origin  for  the  sand  there  found  over  the  soil  layer. 

The  Columbia  loam,  east  of  the  loess,  is  a  thin  veneer  derived  from 
the  Lafayette  and  resting  upon  and  partly  concealing  it.     It  is  rarely 
over  10  or  12  feet  thick  and  is  often  not  more  than  half  that  thick- 
ness.    It  thins  out  to  the  east,  *      ^ 
and  in  Tennessee   and   Ken- 
tucky disappears   before   the 
eastern   edge  of   the   embay- 
ment     deposits     have    been 
reached.     In  Illinois  the  loess 
makes  the  surface  of  the  up- 
lands of   the  embayment  re- 
gion,  and    the   loam    seems    to           Fio.O.-Section  showing  sand  deposited  m  eddy 
^         \                    ^      .                                                        o'  wind  current  on  top  of  bluff. 

be  absent.     It  has  not  been 

found  practicable  to  represent  on  the  geologic  map  the  area  covered 
by  the  Columbia  loam.  In  a  general  way  its  eastern  edge  crosses 
eastern  Hardeman,  eastern  Madison,  western  Carroll,  and  western 
Henry  counties  in  Tennessee,  and  western  Calloway  and  western 
Marshall  coxmties  in  Kentucky. 

RECENT  DEPOSITS. 

AUuvium, — Between  Mississippi  River  and  the  bluffs  that  bound 
its  valley  on  the  east  there  is  a  varying  width  of  flood  plain  composed 
of  alluvial  deposits.  At  a  few  points  in  Tennessee  and  Kentucky 
the  river  swings  against  the  bluffs  on  its  eastern  side,  but  usually 
the  alluvial  plain  is  from  2  or  3  to  8  or  10  miles  wide.  In  Illinois  the 
Mississippi  alluvial  plain  is  a  number  of  miles  wide  and  the  flood 
plain  of  the  Ohio  is  of  similar  character,  though  it  is  mostly  confined 
to  the  Kentucky  side  of  the  river.  The  main  tributaries  of  the 
Mississippi,  such  as  the  Ilatchie,  the  Forked  Deer,  and  the  Obion, 
have  similar  valleys  composed  of  alluvial  deposits  and  varying  from 
1  mile  to  several  miles  in  width. 
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The  materials  composing  these  plains  are  sands  and  silts  brought 
down  by  the  rivers  and  deposited  in  time  of  flood,  thus  building  up 
flood  plains  in  the  valleys  which  the  rivers  had  previously  carved 
out  of  the  older  formations  of  the  region. 

No  extensive  study  of  the  alluvium  was  made,  for  want  of  time, 
but  where  examined  in  a  number  of  places  the  silts  seemed  all  to  be 
of  modem  origin  and  the  writer  would  assign  the  deposits  seen  at 
Memphis,  those  along  the  banks  of  the  river  from  Memphis  to  Fulton, 
Tenn.,  those  at  Hickman,  at  Columbus,  at  Wickliffe,  at  Cairo,  and 
at  Paducah  to  the  recent  period.  When  it  is  considered  how  con- 
stantly and,  as  a  rule,  how  rapidly  Mississippi  River  is  shifting  the 
position  of  its  channel  because  of  meandering,  and  when  it  is  further 
considered  not  only  how  each  meander  grows  until  the  meander  belt 
is  a  number  of  miles  wide,  but  also  how  each  meander  is  slowly 
working  downstream,  cutting  away  the  materials  before  it  while 
other  materials  are  being  deposited  behind  it,  it  may  be  concluded 
that  nowhere  near  the  river  can  any  deposit  in  the  flood  plain  remain 
long  unmoved  if  it  rises  above  the  level  to  which  the  river  can  cut — 
a  level  which  may  be  taken  as  about  100  feet  beneath  the  flood-plain 
surface.  Instances  are  innumerable  of  the  cutting  away  of  flood- 
plain  deposits  on  one  side  and  rebuilding  on  the  other  by  the  lateral 
swing  of  the  river.  It  is,  in  fact,  going  on  all  the  time,  as  the  surveys 
of  the  Mississippi  River  Commission  show.  The  entire  channel  may 
move  a  mile  or  more  by  such  cutting  in  a  few  years,  and  the  changes 
that  have  occurred  within  tlie  memory  of  men  yet  living  are  so  great 
that  it  is  not  improbable  that  the  river  may  have  swung  entirely 
across  its  valley  from  Crowleys  Kicl<;o  in  Missouri  and  Arkansas  to 
tiie  Chickasaw  and  Columbus  bluffs  in  Tennessee  and  Kentucky  in 
2,000  to  4,000  years. 

That  these  alluvial  deposits  are  geolotj^ically  young  is  apparent 
from  another  line  of  reasoning.  They  have  been  deposited  in  a  valley 
tliat  is  30  miles  wide  at  Memphis  and  45  miles  wide  farther  north. 
This  valley  has  been  cut  at  least  200  to  300  feet  beneath  the  plain 
in  which  it  is  carved.  The  dissevered  portions  of  this  plain  are  seen 
to-day  in  the  flat  upland  surface  of  the  ])luffs  on  the  east  and  of 
Crowleys  Ridge  on  the  west.  This  surface,  however,  is  capped 
with  the  loess  and  the  excavation  of  the  broad  valley  has  mainly 
taken  place  since  the  loess  was  deposited.  There  was  some  cutting 
away  of  the  Lafayette  along  the  main  Mississi])pi  River  before  the 
loess  was  deposited,  corresponding  to  the  cutting  on  the  tributaries  of 
the  Mississippi  to  form  the  se(M)nd  bottoms,  where  the  Lafayette  has 
been  removed  but  the  loess  is  j)resent ;  but  this  cutting  was  not  suf- 
ficient to  account  for  the  excavation  of  the  valley  as  we  now  find  it. 
Since  the  excavation  was  finished  some  alluvial  filling  has  occurred, 
leaving  tlie  level  of  the  flood  plain  as  at  present. 

From  borings  made  by  the  ^Ussissi9\>i  River  Commission  it  is 
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concluded  that  in  the  portion  of  its  valley  from  Cairo  to  Memphis 
the  river  has  not  cut  into  the  embayment  deposits  more  than  between 
100  and  150  feet  beneath  its  present  flood-plain  surface,  or  in  other 
words,  has  never  cut  very  much  deeper  than  its  channel  may  now 
reach  under  favorable  conditions  for  deep  scouring. 

These  alluvial  deposits  are  accordingly  believed  to  be  between  100 
and  200  feet  thick  and  of  later  age  than  the  loess ;  parts  of  them,  of 
course,  are  still  forming.  Near  the  river  the  deposits  are  sands  and 
silts;  farther  away  from  the  river  they  become  gradually  finer  and 
pass  into  clays  which  are  usually  blue  or  dark  colored  from  the 
organic  matter  present. 

The  same  uplift  which  permitted  the  Mississippi  to  cut  out  so  broad 
a  valley  in  the  loess-sheeted  plain  likewise  permitted  its  tributaries 
to  incise  their  courses  beneath  the  uplands  and  to  broaden  their 
valleys  until  they  were  locally  5  to  10  miles  wide.  The  alluvial 
deposits  in  the  valleys  of  these  tributaries  are  like  those  of  the 
Mississippi  and  consist  of  silts  and  sands  that  usually  contain  much 
decaying  vegetable  matter.  It  is  generally  the  rule  that  since  the 
formation  of  these  alluvial  deposits  by  the  tributaries  of  the  Missis- 
sippi they  have  been  cut  into  and  another  flood  plain  has  been  formed 
10  to  15  or  occasionally  as  much  as  30  feet  lower  than  the  older  allu- 
vial surface.  This  older  surface  is  known  as  the  **  second  bottoms," 
while  the  lower  plain  is  the  present-day  flood  plain,  large  portions  of 
which  are  swampy.  It  is  surprising  to  note  how  characteristic  a 
feature  of  the  region  these  first  and  second  bottoms  are.  They  are 
found  even  along  the  smaller  headwater  streams  in  many  places. 
The  present  flood  plain,  or  first  bottom,  is  usually  much  narrower 
than  the  second  bottom. 

The  writer  has  been  thus  explicit  in  giving  his  conception  of  the 
very  recent  age  of  the  alluvial  deposits  of  the  Mississippi  in  this 
region  because  various  authors"  have  correlated  parts,  at  least,  of 
these  deposits,  from  Memphis  up  as  far,  in  one  case,  as  Paducah,  Ky., 
with  the  Port  Hudson  deposits  of  Mississippi,  The  stratigraphic 
position  of  the  Port  Hudson  clay  is  between  the  Ijafayette  gravels 
beneath  and  the  loess  above.  Since  the  valley  in  the  region  here 
considered  was  not  excavated  until  after  the  loess  had  been  deposited 
the  clays  found  in  this  valley,  at  least  from  Memphis  up,  can  not  be 
older  than  the  loess  and  so  can  not  be  of  Port  Hudson  age. 

The  lithologic  similarity  of  the  Port  Hudson  clay  and  certain  blue 
clays  found  in  this  region,  notably  about  New  Madrid,  Mo.,  is  only 
what  might  be  expected.  Both  were  formed  by  the  same  agency. 
Similar  materials  under  these  circumstances  should  form  similar 
deposits  whether  they  be  of  Port  Hudson  or  of  younger  age. 

•  See  lCcG«e,  W  J,  The  Lafayette  formation:  Twelfth  Ann.  Rcpt.  U.  8.  Ocol.  Survey,  pt.  1,  1801,  p. 
400;  Loaghiidge,  R.  TI..  Jackson  Purchase  Region,  1888,  p.  74;  Bhepard,  E.  M.,  The  New  Madrid  etfdMi 
quake:  Joar.  Oeol.,  1905,  p.  48.  -S 
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GEOLOGIC  STRUCTURE. 

In  discussing  artesian  conditions  in  the  region  and  in  describing 
the  area  of  outcrop  and  dip  of  the  various  formations,  much  has 
already  been  said  concerning  the  structure  of  the  embayment  depos- 
its. Only  a  brief  recapitulation  is  necessary  here.  It  has  already 
been  stated  that  these  deposits  lie  in  the  eastern  half  of  a  broad  basin 
projecting  northward  from  the  Gulf  region  and  ending  in  southern 
Illinois.  On  the  floor  of  this  basin  the  formations  described  in  pre- 
vious pages  were  laid  down  in  succession  in  broad  sheets  one  above 
another.  The  eastern  edge  of  each  formation  in  Tennessee  and  Ken- 
tucky usually  does  not  overlap  the  edge  of  the  formation  beneath, 
but  permits  its  exposure  in  an  outcrop  of  varying  width  which  extends 
northward  across  these  two  States.  At  the  north  end  of  the  trough 
in  southern  Illinois  the  formations  rise  to  the  surface  like  the  tip  of  a 
spoon.  The  western  half  of  the  basin  lies  in  southwestern  Missouri 
and  eastern  Arkansas. 

It  does  not  seem  probable  that  the  floor  of  this  basin  slopes  at  all 
uniformly  from  its  outcropping  edges  to  a  deepest  central  line,  but 
rather  that  the  slope  is  relatively  rapid  near  the  sides  of  the  trough 
and  decreases  farther  out  in  it,  or  that  a  cross  section  of  the  trough 
is  broadly  U-shaped  rather  than  broadly  V-shaped.  If  so,  as  each 
of  the  formations  that  fill  the  trough  is  probably  nearly  uniform  in 
its  thickness,  the  dips  are  steeper  near  tlie  margins  of  the  trough  than 
well  out  \vnthin  it.  Ascertained  dips  for  short  distances  near  the 
margins  are  about  30  feet  per  mile,  while  some  of  the  data  reported 
for  southern  Illinois  would,  if  correct,  indicate  southward  dips  there 
of  about  50  feet  per  mile.  Well  within  the  basin  westward  dips  of 
22  feet  per  mile  are  found. 

There  are  no  indications  of  any  folding  t)f  the  rocks  of  the  embay- 
ment, but  in  the  Porters  Creek  formation  there  has  been  in  many 
places  a  slight  faulting  acconipanyint;  tlie  eartluiuake  disturbances 
that  have  caused  the  formation  of  the  sandstone  dikes  described  on 
page  30.  In  the  Reelfoot  Lake  region  the  l^agrange  sands  were 
fissured  and  in  places  slightly  faulted  by  the  New  Madrid  earthquake 
of  LSI  1-12.  The  vertical  displacement  seems,  however,  in  no  case 
to  liave  exceeded  a  few  feet.  This  faulting  in  tlie  Porters  Creek  and 
the  Lagrange  has  not  materially  alfected  the  water-supply  problems 
of  the  region  here  discussed.  There  seems  to  be  no  evidence,  in  this 
region,  at  least,  that  the  artesian  pressure  has  been  decreased  because 
the  earthcpiake  fissures  provided  channels  for  the  water  to  escape. 
Tlie  approximate  elevation  to  which  artesian  waters  rise  in  various 
parts  of  the  region  is  given  for  a  number  of  places  on  page  160  and 
graphically  represented  in  fig.  13.     From  this  it  is  readily  seen  that 
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■Dyersburg  and  Union  City,  Tenn.,  and  Hickman,  Ky.,  the  nearest 
Localities  given  to  the  earthquake  center,  do  not  show  any  abnormal 
diepression  of  hydrostatic  level  when 
compared  with  other  places  near  by.      ^  Jtoi 
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BENTON  COUNTY. 

Topography, — Benton  is  a  long, 
:iiarrow,  county,  lying  just  west  of 
•Tennessee  River  and  extending  north 

and  south  along  the  river  for  a  dis- 
tance of  40  miles.     Its  north  end, 

which  almost  reaches  the  Kentucky 

line,  is  formed  by  the  junction  of  Big 

Sandy  and  Tennessee  rivers.     The 

Big  Sandy,  which  flows  northward 

almost    parallel    to    the  Tennessee, 

forms  its  northern  and  about 'half  of 

its  western  boundary.     The  area  of 

the  county,  as  given  by  the  Twelfth 

Census   (1900),  is  430  square  miles. 

The  surface  is  best  described  as  being 

rolling  to  hilly.     Very  little  of  it  is 

level,  owing  to  the  proximity  of  Ten- 
nessee and  Big  Sandy  rivers,  whose 

numerous  small  tributaries  have  cut 

the'originally  level  surface  into  hills 

near  the  rivers  and  made  it  rolling 

farther     away    from     them.      The 

streams   are  usually  bordered  by  a 

flood    plain  and    a  second   bottom 

which   varies    from  a  few  hundred 

yards  to  half  a  mile  in  width. 
The   maximum   elevation  in  the 

county  is  found  along  the  ridge  sep- 
arating the  Big  Sandy  and  Tennes- 
see river   waterslieds.      This   ridge 

attains  heights  of  500   to  600  feet 

above  tide.     The  lowest  [xnnt  in  the 

county  is   at  the  Bier  Sandy,  where 

the  elevation  at  low  water  is  about 

310  feet.     Low  water  at  Johnsonville  is  322  feet.     The 

at  Big  Sandy  station  is  347  feet,  at  Camden  444  feet, 
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summit  just  west  of  Camden,  on  the  Nashville,  Chattanooga  and 
St.  Louis  Railway,  486  feet.  The  average  elevation  of  the  county 
is  between  400  and  450  feet.  As  it  is  on  the  eastern  border  of  the 
embayment  region,  where  the  outcrop  of  the  porous  Ripley  strati 
receives  its  water,  very  little  artesian  pressure  could  be  expect«l 
anyw^here  in  the  county.  Some  wells  on  the  flood  plain  of  the  Big 
Sandy,  however,  flow  with  a  slight  head. 

Geology. — The  contact  between  the  Paleozoic  limestones,  shales, 
and  cherts  and  the  embayment  deposits  runs  north  and  south  through 
about  the  middle  of  the  county.  The  eastern  half  of  the  county  lies 
accordingly  in  the  Paleozoic  area,  and  will  not  be  discussed  here. 
The  rocks  of  the  western  half  are  of  Cretaceous  and  Pliocene  age. 

The  Elutaw  sand  extends  for  a  few  miles  northward  into  the  sputh 
end  of  the  county,  but  its  area  is  small  and  its  thickness  can  not  be 
very  great,  owing  to  its  relation  to  the  Tennessee  River  drainage  and 
to  the  fact  that  it  feathers  out  here  and  disappears,  not  being  found 
farther  north.  Water  issues  from  the  base  of  the  Eutaw  in  springs 
along  the  hillsides  in  numerous  places  and  is  reached  at  from  20  to  40 
feet  in  wells.  It  is  chalybeate  in  places  where  there  is  much  lignitic 
material  in  the  formation. 

It  is  probable  that  just  w^est  of  the  Eutaw  area,  in  the  extreme 
southwestern  part  of  the  county,  there  is  along  Birdsong  Creek  a 
small  area  of  the  Selma  clay,  though,  owing  to  the  topography, 
exposures  are  poor  and  the  delimitation  of  the  north  end  of  the 
wSelma  outcroj)  has  not  been  definitely  made.  The  water  in  this 
formation  is  small  in  amount  and  of  very  j)oor  quality.  The  Selma 
area  in  this  county  is  so  small  as  to  l)e  j)ractically  negligible. 

The  Ripley  saiul  covers  the  western  part  of  the  county.  Its  eastern 
edge  extends  from  the  southwest  corner  of  the  county  northward 
past  Camden,  and  the  formation  embraces  part  of  the  divide  between 
the  Big  Sandy  and  the  Tennessee,  extending  probably  as  far  north 
as  the  Louisville  and  Nasliville  Railroad  before  thinning  out  and 
disappearing.  For  some  distance  in  its  h)wer  course  the  Big  Sandy 
has  cut  tlirougli  th(»  Riph\v  sand  into  the  underlying  Paleozoic  rocks. 
The  Kipl(\v  furnishes  abundant  sup])lies  of  good  water,  but  owinji 
to  its  open,  ])orous  texture  the  deptli  of  wells  in  this  formation  is 
greater  than  elsewliere,  ranging  from  GO  to  100  feet  or  more.  Spring 
are  not  so  abundant  in  it  as  in  other  formations. 

Overlying  tliese  Cretaceous  formations  and  the  Paleozoic  rocks  is 
a  blanket  of  Lafayette  sand,  loam,  and  gravc^l  that  is  tattered  by 
erosion  along  the  larger  streams,  but  mantles  the  inter-stream  areas 
in  an  unbroken  slieet  from  10  to  .SO  feet  or  more  thick.  In  many 
places  tlie  formation  contains  linionitic  iron  ore  in  considerable 
(juantities.     In  places  springs  issue  from  the  i)ase  of  the  Lafayette, 
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though  they  are  usually  weak  and  their  flow  may  decrease  or  fail 
during  long  droughts. 

Water  resources, — Benton  County  is  naturally  well  watered  by 
streams  that  flow  the  year  round  and  furnish  abundant  water  for 
stock.  Along  the  base  of  the  hills  numerous  springs  are  found.  In 
the  embayment  area  these  come  mostly  from  the  Lafayette  or  the 
Ripley,  the  latter  furnishing  the  larger  number  and  the  stronger 
flows.  Springs  and  wells  usually  yield  soft,  freestone  water,  but  in 
a  few  cases  it  contains  sulphur  and  iron.  Domestic  supplies  are 
derived  from  springs  and  open  wells,  the  latter  being  somewhat  the 
more  important  source.  These  wells  may  be  as  shallow  as  10  feet  in 
low  ground  along  streams  or  as  deep  as  100  feet  on  high  ground  in 
the  Ripley  sands.     Very  few  cisterniS  are  in  use. 

At  Big  Sandy  station,  elevation  372  feet,  the  principal  water 
supply  is  derived  from  wells  which  range  from  6  to  50  feet  in  depth 
and  yield  an  abundance  of  soft  water  from  gravel  which  underlies  a 
clay  bed  4  to  6  feet  thick.  Springs  also  are  much  used,  and  there  are 
a  few  cisterns. 

At  Bristow  open  wells  of  moderate  depth  are  exclusively  used. 

At  Faxon  springs  and  open  wells  25  to  30  feet  deep  furnish  the 
supply. 

Gismonda  is  very  near  the  edge  of  the  Paleozoic  area,  and  a  number 
of  sulphur  and  chalybeate  springs  flow  from  sands. 

At  Nobles  the  supply  is  derived  from  the  Ripley  sands  by  small 
bored  wells  that  range  from  60  to  125  feet  in  depth. 

At  Wyly  there  is  a  flowing  well  located  6  feet  above  high  water  on 
the  Big  Sandy.  It  is  1  i  inches  in  diameter,  50  feet  deep,  and  yields 
5,000  gallons  a  day.  The  flow  varies  somewhat  at  times.  Other 
wells  are  mostly  open,  are  on  higher  ground,  and  furnish  soft  water 
at  a  depth  of  25  to  30  feet. 

At  Zach  the  country  is  flat,  and  wells  are  from  10  to  20  feet  deep. 
There  are  a  few  springs,  but  in  summer  their  water  is  not  cold. 

CARROLL   COUNTY. 

Topography. — Carroll  County  is  situated  in  the  northeastern  part 
of  w^estern  Tennessee.  For  2  miles  on  the  northwest  South  Fork  of 
Obion  River  separates  it  from  Weakley  County.  Its  area  is  624 
square  miles. 

The  watershed  between  Mississippi  and  Teimessee  rivers  crosses 
the  county  in  a  direction  somewhat  east  of  north  and  separates  it 
into  an  eastern  slope  which  embraces  about  a  third  of  the  county  and 
drains  into  Big  Sandy  and  Tennessee  rivers,  and  a  western  slope 
which  embraces  the  rest  of  the  county  and  drains  into  the  Mississippi.  , 
The  highest  part  of  the  county  is  along  this  divide,  which  has  an 
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elevation  of  from  450  to  nearly  or  quite  500  feet.  The  lowest  e 
tion  is  I  bout  350  feet,  at  the  points  where  the  Big  Sandy  and  t 
Fork  of  the  Obion  leave  the  county.  The  average  elevation  o 
county  is  not  far  from  425  feet.  The  surface  along  the  Tennc 
Mississippi  divide  is  hilly  and  broken,  for  headwater  erosion  is  a( 
The  northern  and  western  parts  of  the  county  are  more  level  an( 
main  streams  here,  as  a  rule,  have  broad,  level  flood  plains  and  se 
bottoms. 

Geology, — The  Selma  clay  occurs  in  the  extreme  southeast  c< 
of  the  county,  but  covers  a  very  small  area.  West  of  it  there 
belt  of  Ripley  sand  6  to  8  miles  in  width  that  occupies  the  ea 
part  of  the  county,  its  western  edge  nmning  about  parallel  witl: 
2  miles  west  of  Big  Sandy  River.  Along  the  broad  valley  of  th< 
Sandy  water  is  foiuid  in  the  Ripley  sand  at  slight  depths,  but  oi 
uplands  wells  average  from  50  to  125  feet  in  depth  and  furnish 
water. 

West  of  the  Ripley  sands  there  is  a  belt  of  Porters  Creek 
about  2  miles  wide,  its  western  edge  passing  through  Huntin; 
This  clay  is  popularly  known  as  soapstone.  It  is  variable  in  t 
ness,  being  in  some  wells  only  10  feet  thick,  while  in  others  it 
feet  or  more.  In  many  places  it  is  almost  black  and  impa; 
disagreeable  odor  to  the  water.  Physicians  report  that  p 
habitually  using  such  water  become  pale,  anaemic,  and  sickly 
the  Porters  Creek  is  everywhere  less  than  1 00  feet  thick  in  this  coi 
as  it  seems  to  be  wherever  records  of  its  thickness  have  been  obta 
it  should  always  be  possible  to  go  tlirough  it  and  get  good  water 
the  underlying  Ripley  sands.  To  the  west  the  Porters  Creek 
under  the  Lagrange  sand  at  a  low  angle  and  may  be  reached,  ir 
places  especially,  in  wells  dug  within  lialf  a  mile  or  a  mile  west  < 
surface  outcrop.  Such  wells  should  either  be  dug  on  through 
the  Ripley  sand  or  be  stopped  just  above  it,  so  as  to  draw-  \ 
from  the  basal  sands  of  the  overlying  Lagrange. 

West  of  the  Porters  Creek  clay  belt  the  county  is  underlai 
Lagrange  sands  and  clays.  The  sands  are  soft  and  variable  in  te: 
so  that  coarse  beds  are  not  widely  continuous,  but  occur  at  va 
horizons  and  extend  each  usually  over  a  small  area  only.  Witl 
sands  are  thin  beds  of  plastic  clays,  and  locally  these  beds  ser 
confine  the  waters  in  the  underlying  sand.  AVhen  such  clay  s 
are  dug  or  bored  through  the  wat(M'  often  rises  at  once  a  numb 
feet,  dependent  on  the  local  elevation.  In  low  places,  as  albn^ 
bottoms  of  the  streams  in  the  western  part  of  tlie  county,  art 
flows  may  be  obtained.  There  are  a  number  of  such  artesian 
less  than  100  feet  deep  in  the  bottoms  just  west  of  Huntington, 
the  rolling  uplands  of  the  western  part  of  the  county  the  Lagi 
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yields  water  at  depths  of  35  to  100  feet.  The  water  is  always  soft, 
but  may  in  places  contain  iron  and  sulphur.  Bold  springs  may  rise 
from  the  Lagrange  sands  in  the  bottom  lands  along  the  streams, 
while  out  on  thq  edges  of  the  valleys,  along  the  foot  or  on  the  slopes 
of  the  bordering  hills,  weaker  springs  issue  from  the  base  of  the 
Lafayette. 

Over  the  formations  already  named  there  is  a  covering  of  10  to  20 
feet  of  Lafayette  sand  and  sandy  clay.  Occasionally  there  is  a  little 
gravel  in  the  lower  part,  but  as  a  rule  gravel  is  inconspicuous  or 
absent.  In  the  western  part  of  the  county  a  few  feet  of  Columbia 
loam  overlie  the  Lafayette.  _ 

Water  resources, — The  streams  of  Carroll  County  are  numerous 
enough  to  furnish  a  supply  of  running  water  for  stock  almost  every- 
where. These  streams  flow  the  year  round.  For  household  supplies 
open  dug  wells  are  much  in  use  where  water  may  be  obtained  at  such 
moderate  depths  as  25  to  50  feet.  Even  for  these  depths,  however, 
bored  wells  have  been  in  recent  years  largely  used  instead  of  the 
olden-time  dug  wells,  because  they  are  easier  to  make  and  cheaper. 
Bored  wells  are  also  in  use  where  it  is  necessary  to  go  50  to  100  feet 
or  more,  though  for  depths  of  100  to  150  feet  small  pipe  wells  sunk 
by  a  hydraulic  jet  are  common.  The  bored  wells  run  from  4  to  12 
inches  in  diameter  and  are  curbed  with  wood.  Water  is  usually 
drawn  by  a  cylindrical  bucket  with  a  valve  in  the  bottom.  Some 
bored  wells  are  curbed  with  terra-cotta  pipe,  and  some  of  these,  in 
in  low  places,  where  the  ground-water  level  is  nearly  at  the  surface, 
overflow  in  spite  of  the  loose  joints  of  the  terra-cotta — that  is,  they 
are  artesian.  The  small-pipe  wells  are  usually  fitted  with  a  force 
pump  run  by  hand,  wind,  or  steam  power,  the  latter  being  used 
only  where  the  well  furnishes  the  boiler  supply  for  a  cotton  gin, 
sawmill,  or  other  manufacturing  establishment.  In  the  belt  under- 
lain by  the  Porters  Creek  clay,  where  well  water  is  almost  unfit  to 
use,  and  in  the  more  elevated  parts  of  the  Ripley  and  Lagrange 
areas,  where  the  depth  to  water  is  often  100  feet  or  more,  many 
cisterns  are  in  use.  Deep  waters  may  be  obtained  in  the  central 
and  western  parts  of  the  county  from  either  the  Lagrange  or  the 
Ripley  sands.  In  the  Lagrange  it  will  probably  nowhere  be  necessary 
to  go  deeper  than  200  feet,  and  the  water  will  rise  to  about  375  to 
400  feet  above  the  sea,  the  height  decreasing  westward.  The  water 
in  the  Ripley  may  be  reached  at  depths  of  250  to  300  feet  from 
Huntington  eastward;  west  of  Huntington  the  Ripley  sands  lie 
deeper,  and  soon  the  Lagrange  sands  above  become  thick  enough 
to  furnish  a  deep-water  supply.  The  few  mineral  springs  in  the 
county  are  sulphur  or  chalybeate  and  are  of  local  note  only. 

At  Atwood,   elevation   439  feet,   good  pure  water  is  foxmd  in 
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abundance  in  the  Lagrange  sands  at  depths  of  65  to  90  feet  on  the 
higher  ground.  One  record  showed  surface  sands  and  clay  20  feet, 
sand  18  or  20  feet,  potter's  clay  8  feet,  yellow  sand  76  feet  (with 
water  at  90  feet),  gravel  6  feet. 

At  Carnsville,  near  the  eastern  edge  of  the  Porters  Creek  clay, 
there  are  some  wells  in  this  formation  that  yield  water  unfit  for  use 
on  account  of  its  astringent  taste  and  bad  odor.  Others,  30  to  75 
feet  deep  in  the  Ripley  sands,  furnish  an  abundance  of  good  water. 

At  Cedar  Grove,  where  the  Lagrange  sands  outcrop,  the  water 
supply  is  derived  from  shallow  wells  and  numerous  springs.  Three 
miles  to  the  south  there  is  a  sulphur  and  iron  spring  of  some  local 
note.     There  are  deep  wells. 

At  Clarksburg  good  water  is  obtained  from  the  Ripley  sand  at 
depths  ranging  from  20  feet  on  low  ground  to  135  feet  on  higher 
ground.  At  the  shallower  depths  wells  were  formerly  dug,  but  now 
nearly  all  are  bored,  the  usual  size  being  12  inches.  There  are  few 
pipe  wells  and  very  few  springs. 

At  Dollar,  also,  water  is  obtained  from  the  Ripley  sand  by  means 
of  bored  wells,  the  average  depth  being  from  50  to  135  feet,  though 
some  are  only  20  feet.  -  A"  few  springs  are  in  use. 

At  Garrettsburg,  where  the  Ripley  sand  outcrops,  shallow  open 
wells  and  springs  are  used,  the  wells  for  domestic  supply  and  the 
springs  for  stock. 

At  Hico,  elevation  389  feet,  an  abundant  of  good  soft  water  is 
obtained  from  the  Lagrange  sand  at  deptlis  of  30  to  50  feet. 

At  Hollow  Rock,  elevation  425  feot,  water  is  struck  in  open  wells 
in  the  low,  flat  part  of  town  at  deptlis  of  15  to  25  feet,  and  on  higher 
ground  at  depths  of  40  to  80  feet.  A  mile  or  two  west  of  town,  on 
the  Mississippi-Tennessee  divide,  wells  average  100  feet  deep.  All 
are  in  Ripley  sand.  There  are  numerous  springs  in  low  places  along 
the  streams,  but  the  water  is  not  considered  healthful.  In  Hollow 
Rock  a  well,  formerly  60  feet  deep,  but  now  filled  up,  is  reported  to 
have  had  an  abundance  of  good  water  in  the  summer,  but  to  have  gone 
dry  in  the  winter. 

At  Hollow  Rock  Junction,  elevation  A](\  feet,  tlie  Nashville,  Chat- 
tanooga and  St.  Louis  Railway  uses  a  small  stream  for  supplying  its 
engines. 

Huntington,  elevation  414  feet,  is  situated  on  the  western  edge  of 
the  Porters  Creek  clay.  Li  some  places  tlie  dark  unctuous  clay,  or 
so-called  ''soapstonc,^^  is  at  or  within  a  few  feet  of  the  surface  and 
varies  from  10  to  75  or  80  feet  tliick.  At  other  places  there  are  from 
20  to  50  feet  of  Lagrange  and  Lafayette  sands  over  the  Porters  Creek 
clay.  Some  shallow  wells  are  in  the  Lafrran<:e  sand  and  have  good 
water;  others  are  in  the  '^soapstone"  and  have  poor  water;  while 
still  others  go  through  the  '^soapstone"  and  get  good  water  from  the 
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Ripley  sand  beneath.  These  open  wells  vary  in  depth  from  10  feet 
in  the  bottoms  just  west  of  town  to  90  feet  on  the  town  level.  Wells 
sunk  50  to  70  feet  in  the  bottoms  usually  flow  at  the  surface  with  a 
head  of  2  or  3  feet.  Their  water  is  soft,  but  usually  contains  some 
iron  and  sulphur;  it  is  derived  from  the  base  of  the  Lagrange  sand. 
There  are  two  deep  wells  within  5  feet  of  each  other  at  the  Hunting- 
ton corporation  light  and  water  works.  They  are  6-inch  wells, 
drilled  in  1898,  one  being  213  and  the  other  265  feet  deep.  The 
water  rises  a  few  inches  above  the  surface.  A  log  given  from  memory 
is  as  follows: 

Log  of  well  at  Huntington ,  Tenn. 

Feet. 

Sand  and  clay  (Liafayette  and  Lagrange) 40 

"Soapstone"  (Porters  Creek  clay) 65-70 

Gray  sand,  partly  somewhat  indurated  (Ripley) 155-160 

These  two  wells  are  said  to  be  capable  of  yielding  800,000  gallons 
per  day.  An  average  amount  of  about  25,000  gallons  per  day  is 
pumped  into  the  mains  under  a  direct  pressure  of  60  pounds  for  ordi- 
nary service,  which  is  increased  to  120  pounds  for  fire  service.  A 
chemical  analysis  shows  the  water  to  contain  small  quantities  of  iron 
and  calcium  carbonates;  sulphates  of  potash,  lime,  soda,  magnesia, 
and  alumina;  sodium  and  potassium  chlorides,  and  sulphureted 
hydrogen.  It  is  somewhat  hard  for  washing,  and  the  iron  makes 
clothes  and  vessels  yellow.  It  deposits  in  boilers  only  a  rusty  sedi- 
ment that  is  easily  blown  off.  The  cold  water  eats  out  the  valves 
and  joints  of  pipes,  but  the  hot  water  does  not  injure  either  fittings 
or  boilers.  This  water  is  considered  very  healthy.  It  is  reported 
that  in  five  years  no  case  of  typhoid  fever  has  developed  in  town 
where  the  deep- well  water  is  used. 

At  Lankford  there  is  a  flowing  well  6  inches  in  diameter  and  100 
feet  deep.  The  water  is  used  for  household  purposes,  and  is  said  to 
have  medicinal  qualities. 

At  Lavinia  water  is  obtained  at  160  feet  depth,  the  entire  section 
being  sand. 

At  Leach  water  is  obtained  from  springs  and  ordinary  shallow  open 
wells  in  the  Lagrange  sand. 

At  McKenzie,  elevation  481  feet,  some  cisterns  are  used,  and  there 
are  numerous  wells  ranging  from  23  to  95  feet  deep,  the  shallower 
ones  being  dug,  the  deeper  ones  bored.  The  shallow  wells  show  some 
tendency  to  fail  during  dry  seasons.  There  are  also  a  number  of 
deeper  driven  wells  in  the  town  and  immediate  vicinity  that  range 
from  175  to  335  feet  deep.  Water  is  abundant  and  soft  in  all  of  them. 
In  some  it  contains  iron,  but  not  in  objectionable  quantity.  These 
wells  are  generally  used  for  boiler  supply  and  stock  watering  on  large 
farms.  The  Louisville  and  Nashville  Railroad  has  a  6-inch  well, 
reported  by  one  person  to  be  335  and  by  another  to  be  362  feet  deep. 
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The  material  encountered  was  chiefly  sand.  Water  rises  to  within 90 
feet  of  the  surface. 

At  McLenioresville  there  are  some  springs,  but  water  is  obtained 
from  dug  and  bored  wells  40  to  50  feet  de^p  that  get  water  in  the 
Lagrange  sand.     The  water  is  reported  hard  in  one,  soft  in  others. 

At  Mixie  there  are  small  bored  wells  and  good,  strong  springs. 

At  Muse  a  supply  of  fair  to  good  water  is  obtained  from  the  Ripley 
sand.     Wells  are  about  50  feet  deep;  the  flow  is  rather  weak. 

At  Post  there  is  a  bored  well  24  feet  deep  that  flows.  The  water 
is  trom  the  Porters  Creek  clay,  and  contains  iron  and  sulphur. 

At  Townes  a  supply  of  good  water  is  obtained  from  springs  and 
shallow,  open  wells  in  the  Ripley  sand. 

At  Yuma,  elevation  480  feet,  a  water  supply  is  derived  from  the 
Ripley  sand  by  ordinary  open  wells  that  range  in  depth  rrom  20  feet 
in  low  places  to  100  feet  on  higher  ground. 

CHESTER    COUNTY. 

Topography. — Chester  County  is  situated  in  the  southeastern  part 
of  the  area  discussed  in  this  paper.  It  is  of  irregular  shape.  The 
area  of  the  county  is  300  square  miles,  nine-tenths  of  which  belong 
to  the  Mississippi  drainage  basin,  the  remainder  draining  into  Ten- 
nessee River.  The  Mississippi-Tennessee  divide  crosses  the  eastern 
l)art  of  the  county.  Along  the  water  parting  the  surface  is  high  and 
the  coimtry  much  broken  and  in  places  hilly  and  rough.  The  eleva- 
tion along  this  summit  ridge  reaches  nearly  or  quite  600  feet  above 
tide.  The  eastward  slope  is  steep  and  much  cut  up  by  the  head- 
waters of  tlie  tributaries  of  the  Tennessee.  The  slope  to  the  west  is 
at  iirst  steep  and  rough  also,  the  surface  being  much  dissected  by 
the  headwaters  of  Forked  Deer  River,  but  the  middle  and  western 
parts  of  the  county  are  more  nearly  level.  Between  the  streams 
the  general  surface  is  Hat,  being  broken  only  in  a  narrow  fringe  alon^ 
either  side  of  the  main  stream  valleys,  which  lie  20  to  40  feet  lower 
than  tlie  general  country  level.  The  average  elevation  is  between 
45()an(lr)()()  feet,  theliighest  point  being  about  (UK)  feet  on  the  dividing 
ridge,  as  already  stated,  and  the  lowest  about  370  feet  on  the  level 
of  Forked  l)e(»r  River  at  th(^  point  where  it  leaves  the  county.  The 
streams  east  of  the  divide  are  all  small  and  are  the  headwater  tribu- 
taries of  White  Oak  Kiver  and  of  Piney  Creek  or  Beech  Creek.  West 
of  the  divide  F\)rked  Deer  Kiver  attains  considerable  size  before  it 
leaves  the  county.  A  small  area  in  the  southwestern  part  of  the 
county  is  drained  by  the  headwaters  of  Piney  Creek,  a  tributary  of 
Hatcliee  Kiver. 

(i(ol()(jy. — The  rocks  of  Chester  County  consist  of  the  Selma  clay 
and  Kipley  formation  of  the  Cretaceous,  the  Porters  Creek  and 
Lagrange  of  the  Eocene,  and  the  Lafayette  of  the  Pliocene. 


BESOCRCES   OF   CHESTER   COUNTY,  TENK.  59 

The  upper  half  of  the  Sehna  clay  underlies  about  20  square  miles 
of  the  east  end  of  the  county.  It  lies  entirely  in  the  drainage  basin 
of  White  Oak  River  and  its  western  boundary  extends  almost  north 
and  south.  The  fine  clays  of  this  formation  are  exposed  in  gulUes 
and  along  the  ravines  draining  into  the  headwaters  of  White  Oak 
River.  They  are  overlain  by  Lafayette  gravels  and  clays  in  places 
on  the  uplands  where  erosion  has  not  been  especially  vigorous.  The 
formation  dips  westward  under  the  Ripley  sands,  which  cross  the 
county  in  a  belt  about  10  miles  wade,  their  eastern  part  forming  the 
dividing  ridge  between  the  Tennessee  and  Mississippi  drainages  and 
their  western  edge  extending  through  Henderson.  The  Lafayette 
covering  conceals  a  larger  proportion  of  the  Ripley  than  of  the  Selma. 

The  Porters  Creek  formation  crosses  the  county  in  a  belt  4  or  5 
miles  wide,  which  extends  from  the  southern  projection  of  the  county 
on  the  Hardeman-McNairy  county  line  in  a  direction  somewhat  east 
of  north  to  the  extreme  northern  part  of  the  county  on  the  Madison- 
Henderson  county  line.  Much  of  the  Lafayette  has  been  removed 
from  the  Porters  Creek  area,  so  that  its  leaden-gray  clays  are  exposed 
in  numerous  places.  The  Lagrange  sands  are  found  in  the  w^estern 
part  of  the  county,  covering  an  area  3  or  4  miles  wide. 

The  Lafayette  is  10  to  20  feet  thick  and  overlies  all  the  older  forma- 
tions. Near  the  eastern  edge  of  the  county  it  contains  a  considerable 
amount  of  rounded  gravel.  To  the  west  the  gravel  becomes  less 
abundant. 

Water  resources. — The  streams  of  the  county  are  numerous  and 
furnish  in  most  cases  a  sufficient  supply  of  water  for  stock.  In  a  few 
cases  ponds  are  used.  In  the  rough  and  broken  country  in  the 
eastern  part  of  the  county  good  springs  flowing  from  the  base  of  the 
Lafayette  or  from  the  Ripley  sands  are  numerous  and  much  used. 
The  surface  of  the  county  is  gently  rolling  or  almost  level  to  the  west, 
and  the  springs  are  less  abundant  and  valuable,  though  even  in  the 
more  level  portions  springs  may  be  found  in  the  depressions  along  the 
streams.  The  main  dependence  for  water  in  this  part  of  the  county, 
however,  is  on  wells.  The  water  level  in  the  Ripley  sands  is  gen- 
erally deep.  Good,  unfailing  wells  run  from  75  to  150  feet  in  depth. 
The  worst  water  in  the  county  is  found  in  the  Porters  Creek  area. 
As  found  in  some  wells,  certain  parts  of  this  clay  are  reported  to 
be  as  black  as  tar  and  to  emit  a  strong,  oflFensive  odor.  Water  from 
these  clays  is  usually  small  in  quantity,  hard,  and  of  a  disagreeable 
odor,  which  renders  it  unfit  for  use.  In  the  lower  half  of  the  Porters 
Creek  occur  some  fine-grained,  silty  sandstones,  and  water  obtained 
from  these  beds,  though  still  hard,  is  in  larger  quantity  and  usually 
without  bad  odor.  In  the  Porters  Creek  area  wells  should  either  be 
stopped  in  the  lower  part  of  the  overlying  Lafayette,  if  this  is  locally 
thick  enough  to  furnish  a  supply,  or  should  be  carried  down  entirely^ 
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through  the  Porters  Creek  to  the  underlying  Ripley  sands,  in  which 
water  of  good  quality,  rising  to  a  level  somewhere  near  the  surface, 
should  be  obtained. 

At  Brinley,  where  the  Ripley  sand  is  the  surface  formation,  there 
are  some  wells  30  to  50  feet  deep  and  others  90  to  130  feet  deep.  The 
deeper  wells  are  bored,  10  to  12  inches  in  diameter;  they  furnish 
soft  water.     Some  springs  are  in  use. 

At  Cabo,  also  in  the  Ripley  area,  there  are  numerous  springs  and 
some  weak,  shallow  wells.  The  best  wells  are  bored,  100  to  125  feet 
deep;  they  strike  good,  soft  water  at  90  to  100  feet,  usually  though 
not  always  in  large  quantity,  the  variation  depending  on  the  texture 
of  the  sand. 

At  Deanburg,  which  is  situated  on  a  flat  ridge  between  two  creeks, 
an  abundant  water  supply  is  obtained  from  the  Lagrange  sands  at  a 
depth  of  50  feet.  Along  the  creeks  are  numerous  never-failing 
springs,  fed  from  the  Lafayette  and  Lagrange  sands.  All  the  water 
here  is  soft. 

At  Enville  the  supply  is  derived  from  wells  15  to  30  feet  deep  and 
rather  weak  in  flow.  Better  and  larger  supplies  could  be  obtained 
by  drilling  200  to  300  feet  through  the  Selma  clay  into  the  Eutaw 
sand. 

At  Henderson,  elevation  421  feet,  a  supply  of  soft  water  is  obtained 
from  the  upper  part  of  the  Ripley  sand  at  a  depth  of  50  to  60  feet. 
Bored  wells  5  to  10  inches  in  diameter  are  in  common  use.  A  **  blow- 
ing well"  is  reported,  from  which  air  is  said  to  escape,  especially  in 
damp  weather  and  in  winter.  This  is  of  tlie  usual  type  of  blowing 
wells,  in  which  air  is  absorbed  by  tlie  ])orous  sands  during  liigh- 
baronieter  conditions,  to  be  given  out  with  more  or  less  noise  when 
the  pressure  is  decreased,  with  a  falling  barometer. 

At  Jasper  some  springs  are  used.  Wells  are  generally  very  shallow 
because  the  '^soapstone'  (Porters  Creek  clay)  is  soon  struck  and 
yields  water  unfit  for  use.  A  few  bored  wells  obtain  a  potable  but 
hard  water  from  a  iirni  sand  or  sandstone  in  the  Porters  Creek  at  70  or 
80  feet. 

At  Mifflin  water  of  fair  quality  is  obtained  from  the  Porters  Creek 
clay  at  depths  ranging  from  'M)  to  i\i)  or  70  feet. 

Montezuma  lies  just  al)out  at  the  easteru  edge  of  the  Porters  Creek 
area,  and  outside  of  this  area  good  water  is  obtained  at  deptlis  of  20  to 
70  feet.  In  the  "soapstone"  belt  wells  nuiy  go  100  to  150  feet  and 
then  be  abandoned  from  failure  to  g(»t  water  or  from  its  foul  odor. 
Tlie  water  so  ol)tained  often  contains  iron  and  sulphur  and  is  astrin- 
gent and  hard.  There  are  numerous  springs  along  the  streams,  and 
some  of  them  contain  iron  or  other  mineral  matter. 

At  Sweet  lips,  where  the  Ki])ley  sand  is  the  surface  formation,  good, 
soft  water  is  obtained  from  wells  70  to  100,  or,  in  some  cases,  200  feet 
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deep.     Along  the  foot  of  the  hills  good  springs  are  found.     In  some 
cases  water  is  raised  from  the  deeper  wells  by  windmills. 

CROCKETT   COUNTY. 

Topography, — Crockett  County  is  elongated  in  a  northwest-south- 
east direction  and  lies  between  Middle  Fork  of  Forked  Deer  River  on 
the  northeast  and  South  Fork  of  the  same  river  on  the  southwest.  It 
has  an  area  of  267  square  miles.  The  surface  of  the  county  is  divided 
along  a  northwest-southeast  line  through  its  center  into  two  slopes, 
one  draining  to  the  northeast  into  Middle  Fork  and  the  other  to  the 
southwest  into  South  Fork  of  Forked  Deer  River.  The  central  por- 
tion is  a  level  and  gently  rolling  upland,  with  an  average  general  ele- 
vation of  about  400  to  425  feet  above  sea  level.  Near  the  main  rivers 
on  either  side,  especially  in  the  western,  northwestern,  and  eastern 
portions,  the  surface  is  hilly,  being  cut  up  by  the  tributary  streams. 
The  highest  portion  is  along  the  central  dividing  ridge  near  the  south- 
east end  of  the  county,  with  an  elevation  of  about  425  feet.  The 
lowest  portion  is  along  the  two  forks  of  Forked  Deer  River  where  they 
leave  the  northwest  end  of  the  county,  and  has  an  elevation  of  about 
300  feet. 

Geology. — The  Lagrange  formation  underlies  the  entire  county 
beneath  a  thin  blanket  of  Lafayette  sand  and  gravel,  which  forms  the 
surface  of  much  of  the  county,  but  is  itself  covered,  especially  in  the 
northwest  end,  by  a  few  feet  of  loess  and  loam.  The  Lagrange,  while 
predominantly  of  light-colored  sand,  contains  in  the  southeastern  part 
of  the  county  beds  of  light-colored  clays  and  in  the  northwestern  part 
clays  dark  with  lignitic  material  that  is  pure  enough  in  places  to  bum 
when  dried.  The  sands  which  make  the  bulk  of  the  Lagrange  deposits 
are  mostly  fine  grained,  but  local  beds  of  coarser  sand  occur  at  irregu- 
lar intervals  and  furnish  the  most  abundant  supply  of  water  as  well  as 
the  most  favorable  location  for  setting  strainers. 

Water  resources, — The  surface  is  one  of  gentle  relief,  and  as  water 
sinks  rapidly  through  the  loose,  porous  sand  of  the  Lagrange  there  is 
in  many  cases  no  opportunity  for  springs  to  form,  so  that  they  are  not 
abundant  and  the  few  which  occur  as  a  rule  have  a  weak  flow.  Aside 
from  the  rivers  that  border  the  county  on  two  sides  there  are  no 
streams  of  great  importance.  Pond  Creek,  the  largest  stream  in  the 
county,  flows  northwestward  from  Alamo,  and  Cypress  Creek  Hows 
northwestward  through  the  eastern  part  of  the  county.  The  other 
streams  are  very  small  and  usually  go  dry  during  the  summer,  so  that 
for  watering  stock  the  inhabitants  depend  largely  on  artificial  ponds. 
For  domestic  supply  wells  and  cisterns  are  in  use.  The  wells  include 
almost  all  classes.  The  old  wells  are  largely  dug  and  20  to  30  feet 
deep.  More  recently,  bored  wells  6  to  12  inches  in  diameter  and  pipe 
wells  about  2  inches  in  diameter  have  come  into  use.     The  water  table 
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in  the  Lagrange  sand  is  often  at  some  distance  below  the  surface,  so 
that  if  water -is  not  obtained  at  20  or  30  feet  in  the  base  of  the  Lafa- 
yette, it  is  necessary  to  go  from  100  to  200  feet  to  get  an  adequate  sup- 
ply in  sand  coarse  enough  to  be  checked  by  a  strainer.  None  of  the 
wells  in  the  county  flow  and  the  water  in  some  stands  so  low  that  it  is 
raised  by  windmill,  gasoline,  or  steam  power.  The  water  is  generally 
soft.     In  places,  that  derived  from  the  Lagrange  contains  iron. 

Alamo  is  situated  near  the  center  of  the  county  on  a  plain  with  a 
surface  of  Lafayette  sand.  Some  cisterns  are  used.  Shallow,  open,  or 
dug  wells  get  water  from  the  base  of  the  Lafayette.  Of  recent  years 
small  bored  wells  from  80  to  200  feet  deep  have  come  into  use  and  fur- 
nish a  good  and  abundant  supply.  Windmills  are  used  to  pump  some 
of  the  deeper  wells. 

At  Bells,  elevation  331  feet,  a  good  supply  of  water  is  obtained  by 
driven  or  tubular  wells  from  the  Lagrange  sand  at  a  depth  of  85  to  100 
feet,  though  some  wells  are  140  feet  deep.  The  water  rises  within  30 
or  40  feet  of  the  surface. 

At  Cairo  soft  water  is  obtained  from  shallow  wells  about  30  feet 
deep  and  water  which  is  reported  as  hard,  but  which  more  probably  is 
chalybeate,  from  driven  wells  150  feet  deep.  Water  in  the  deep  wells 
is  struck  at  140  feet  and  rises  90  feet  in  the  pipe. 

At  Chestnut  Bluff,  on  Forked  Deer  River,  there  are  numerous 
springs  at  the  foot  of  the  hills.  The  wells,  open  and  bored,  range 
from  30  to  80  feet  in  depth.  Blue  clay  is  reached  at  about  30  feet, 
and  in  places,  especially  toward  the  west,  it  contains  lignite.  Wells 
stopped  at  this  depth  get  good  water  from  the  overlying  Lafayette 
sand,  but  in  dry  seasons  they  are  apt  to  fail  entirely.  The  deeper 
wells  get  a  supply  of  hard  water  from  beneath  the  clay.  Wells  for 
boiler  supply  are  driven  to  100  feet  or  more. 

At  Crockett  Mills  there  is  an  abundance  of  water  in  quicksand  at  30 
to  50  feet,  but  this  is  so  fine  that  strainers  can  not  keep  it  out  of  the 
wells  and  they  are  sunk  until  coarser  sand  is  reached  or  the  depth 
becomes  so  great  that  the  attempt  is  abandoned.  The  abrupt  varia- 
tion in  the  texture  of  the  sand  and  the  very  small  extent  of  any  one 
coarse  l)ed  are  shown  by  three  driven  wells  here  that  are  132,  240,  and 
420  feet  deep,  respectively.  They  furnish  lar<i^o  (juantities  of  soft 
water  that  contains  some  iron.  No  record  of  the  420-foot  well  was 
ol)tainal)le,  but  the  section  is  descril)ed  as  bein^  alternating  sand  and 
day,  the  sand  being  the  more  al)undant.  Water  is  pumped  by  steam 
or  by  windmill. 

At  Foster  there  are  very  few  springs.  Open,  shallow  wells  are  in 
general  use. 

At  Friendshi])  springs  are  hut  little  used.  I^ored  wells  of  18-inch 
diameter  range  from  32  to  75  feet  in  depth,  according  to  elevation 
chiefly.     Driven  wells  2  or  3  inches  in  diameter  range  from  85  to  100 
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?^et  in  depth.     The  supply  is  abundant  and  is  used  for  all  purposes. 
Some  wells  contain  iron. 

At  Maury  City  wells  varying  from  53  to  135  feet  in  depth  furnish  a 
^ood  supply  of  water.  They  are  pumped  by  hand  or  by  gasoline 
engines. 

DECATUR   COUNTY. 

Topography, — Decatur  County  lies  just  west  of  Tennessee  River. 
The  surface  slopes  eastward  and  the  drainage  is  into  the  Tennessee. 
The  western  portion  of  the  county  has  the  greatest  elevation.  It  is 
ciknost  flat  in  places  remote  from  the  small  streams  that  drain  it,  but 
ctlong  the  streams  the  surface  has  been  cut  by  erosion  into  hills.  The 
elevation  in  this  western  part  of  the  county  ranges  from  380  feet  along 
"the  streams  to  about  550  or  600  feet  on  the  highest  ridges. 

Geology, — Only  the  western  two-fifths  of  the  county  is  within  the 
cmbayment,  the  remainder  lying  within  the  area  of  Paleozoic  lime- 
stones. The  line  between  these  two  geologic  divisions  runs  with  some 
sinuosities  in  a  general  north-south  direction,  passing  through  Deca- 
turvflle  and  Parsons.  It  is  not  difficult  for  even  the  layman  to  recog- 
nize this  line,  for  west  of  it  the  rocks  are  all  soft  sands  and  clays,  while 
east  of  it  they  are  hard  limestones  and  cherts.  The  eastern  part  of 
the  county,  within  the  Paleozoic  area,  is  not  discussed  in  this  report. 

The  oldest  surface  formation  in  the  western  part  of  the  county  is  the 
Eutaw  sand,  which  lies  immediately  on  the  hard  Paleozoic  rocks. 
One  of  the  best  sections,  at  Parsons,  is  described  at  some  length  on 
page  24.  The  exposure  there  and  in  railway  cuts  just  to  the  west  may 
be  regarded  as  typical  of  the  formation.  The  Eutaw  sand  extends 
westward  into  the  adjoining  county.  In  the  extreme  northwest  cor- 
.  ner  of  Decatur  County  it  is  overlain  by  the  clays  and  marl  of  the  Selma 
clay  in  a  very  small  area  covering  not  over  2  or  3  square  miles. 

Spread  thinly  over  the  Eutaw  sand  and  extending  eastward  over 
the  Paleozoic  rocks  as  well  is  the  Tjafayette.  In  many  places  it  has 
been  cut  through  by  erosion.  Its  proximity  to  Tennessee  River  is 
reflected  in  the  large  amount  of  rounded  chert  gravel  it  contains.  This 
gravel  is  exactly  similar  to  that  now  being  carried  down  by  the  river. 
In  many  places  the  Lafayette  gravel  is  cemented  by  linionite  into  a 
conglomerate,  while  here  and  there  the  iron  is  rich  enough  to  be  mined 
as  an  ore. 

Water  resources. — No  attempts  have  been  made  within  the  embay- 
ment  area  of  Decatur  County  to  sink  wells  deeper  than  about  80  or  100 
feet.  The  underlying  formation  is  the  Eutaw,  which  yields  water  of 
good  quality  in  the  sandy  layers  at  depths  varying  according  to  the 
topography  from  30  to  80  feet.  The  sup])ly  is  usually  abundant. 
There  are  also  in  this  formation  numerous  beds  of  clay  that  contain 
lignitic  material  and  decomposing  iron  pyrite.     Water  from  wells  or 
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springs  supplied  by  these  strata  sometimes  contains  sulphur  and  is  usu- 
ally more  or  less  astringent  from  the  iron  sulphate  present.  In  some 
cases  the  water  on  standing  deposits  a  yellowish  scum  of  hydrated  iron 
oxide  formed  by  the  decomposition  of  iron  carbonate. 

At  Beacon  the  supply  is  derived  chiefly  from  wells  of  ordinary 
depth,  those  stopping  in  sand  giving  water  free  from  mineral  matter, 
while  those  in  clay  contain  iron  salts. 

Parsons,  elevation  488  feet,  is  situated  on  the  eastern  edge  of  the 
embayment  deposits.  Springs  from  the  base  of  the  Eutaw  forma- 
tion often  contain  iron  and  sulphur.  Wells  are  generally  used,  and 
average  25  to  35  feet  deep.  Those  dug  to  the  sand  and  gravel  at  the 
base  of  the  Eutaw  obtain  a  good  supply  of  pure,  soft  water;  those 
stopping  in  an  overlying  clayey  stratum  obtain  a  less  abundant 
supply  of  hard  water,  which  may  fail  entirely  in  a  drj^  season.  Wells 
are  either  open,  bored,  or  driven.  There  is  no  waten\'orks  system  in 
the  town. 

At  Point  Pleasant  a  supply  is  obtained  from  ordinary  open  or 
driven  wells  and  from  numerous  springs  along  the  bottom  or  lower 
slopes  of  the  hills. 

At  Sugar  Tree  there  are  only  shallow  wells;  the  water  in  some 
of  them  is  said  to  contain  alum,  while  in  others  it  is  free  from  min- 
eral ingredients.     There  are  a  few  springs. 

At  Thurman  the  chief  supply  is  from  open  wells  that  range  from 
30  to  80  feet  in  depth.     Some  springs  are  used. 

DYER    COUNTY. 

Topography. — Dyer  County  is  in  the  northwestern  part  of  the 
embayment  area  of  western  Tennessee.  It  is  l)()undcd  on  the  west 
by  Mississippi  River  and  on  the  soutli  by  Forked  Deer  River  and  its 
South  Fork.  Tlie  area  is  500  square  miles.  The  drainage  is  to  the 
Mississippi  directly  or  through  Ohio  Itiver,  Forked  Deer  River,  or 
Reelfoot  Lake. 

The  county  may  be  divided  into  two  ])arts  that  are  topograpliically 
quite  distinct.  One  is  the  rolling  or  hilly  upland  region,  lying  chiefly 
in  the  eastern  half  of  the  county.  The  other  is  the  flat,  alluvial 
l)()tt()ni  land  of  the  Mississippi,  tlu^  Obion,  and  other  main  streams. 
The  uj^land  is  gently  rolling  except  along  the  streams,  where  it 
becomes  hilly,  and  along  the  line  of  bliilis  s(»parating  it  from  the 
Mississippi  bottom,  where  erosion  has  cut  it  into  bold,  steep  hills  that 
form  the  ])lun's  and  overlook  the  Inroad  (\\]>ansc  of  bottom  lands. 
The  average  elevation  of  the  U|)land  surface  is  about  375  feet,  while 
that  of  the  bottoms  is  from  100  to  loO  feet  less. 

(jiohgy. — The  formations  of  ini])ortanrc  for  water-supply  purposes 
in  Dyer  County  are  the  Lagrange,  the  Lafayette,  the  loess,  and  the 
alluvium. 
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The  Lagrange  underlies  the  entire  county.  Although  it  is  occa- 
sionally laid  bare  in  ravines  by  the  erosion  of  the  overlying  forma- 
tions, it  is  generally  concealed  by  one  or  more  of  these  formations 
and  is  reached  in  wells  at  depths  of  50  to  100  feet.  It  is  the  important 
water  bearer  of  the  area. 

The  Lafayette  underlies  the  upland  area  of  the  county,  resting  on 
the  Lagrange.  It  averages  not  over  a  score  of  feet  in  thickness. 
The  Lafayette  is  not  found  beneath  the  bottom  areas,  because  since 
its  deposition  it  has  been  removed  by  the  erosion  which  formed  the 
stream  valleys.  It  does  not  appear  as  a  surface  formation,  except 
where  the  loess  has  been  removed  by  erosion.  It  lies  just  beneath 
the  loess  and  is  reached  in  many  wells. 

The  loess,  like  the  Lafayette,  occurs  only  in  the  upland  part  of  the 
county  and  the  second  bottoms,  and  for  the  same  reason  it  has  else- 
where been  removed  by  subsequent  erosion.  It  rests  on  the  Lafa- 
yette and  often  contains  a  stratimi  of  gravel  and  sand  at  its  base. 
It  has  a  maximum  thickness  of  40  to  80  feet  along  the  bluffs  of  the 
.Mississippi,  but  thins  out  and  gradually  disappears  to  the  east,  so 
that  a  definite  eastern  limit  for  it  can  not  be  fixed.  However  the 
eastern  edge  of  the  county  may  be  roughly  taken  as  that  limit. 

The  alluvium  is  found  in  the  bottoms  of  the  Mississippi  and  other 
streams.  It  rests  directly  on  the  Lagrange  and  varies  in  thickness 
up  to  100  feet  or  more  along  the  Mississippi.  Along  Obion  and 
Forked  Deer  rivers  the  valley  is  divided  topographically  into  a  first 
and  a  second  bottom.  The  first  bottom  is  low  and  usually  swampy 
and  composed  of  alluvium.  The  second  bottom  is  10  to  20  feet 
higher  as  a  rule  and  covered  with  loess. 

Water  resources, — In  the  more  broken  parts  of  the  county,  near  the 
streams,  springs  issue  from  the  Lafayette  along  the  lower  slopes  of 
the  hills.  In  the  more  level  parts  the  open  shallow  wells  in  the 
loess  usually  yield  hard  water  and  early  led  to  the  use  of  cisterns. 
These  are  very  easily  and  cheaply  constructed  in  the  loess  and  are 
extensively  used.  Of  recent  years  driven  wells  2  or  3  inches  in 
diameter  have  come  into  use.  These  obtain  a  supply  of  fair  to  good 
water  in  the  Lagrange  at  a  depth  of  150  to  250  feet,  as  anile.  The 
water  is  usually  soft  enough  to  use  in  washing,  but  may  leave  a 
soft  or  gummy  scale  in  boilers.  Water  may  be  obtained  from  the 
Lagrange  in  all  parts  of  the  county,  at  reasonable  depths,  and  should 
generally  be  of  acceptable  quality.  The  Lagrange  here  contains 
beds  of  clay,  and  much  of  the  sand  is  fine,  so  that  careful  watch 
should  be  kept  for  any  pocket  of  sand  coarse  enough  to  permit  the 
use  of  a  strainer.  In  the  alluvial  region  the  water  obtained  in  shallow 
open  or  driven  wells  is  generally  unsatisfactory.  Since  the  surface 
is  everywhere  either  below  or  only  slightly  above  high-water  level 
in  the  rivers,  wells  in  this  region  are  shallow  and  draw  their  suppliea. 
1KB  164—06 5 
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of  water  practically  from  the  surface.  The  water  in  the  wells  on 
the  elevated  strip  of  flood  plain  near  the  banks  of  the  Mississippi 
rises  and  falls  in  harmony  with  the  varying  stages  of  the  river  surface. 
The  water  from  the  alluvium  is  usually  hard  and  flat  or  *' sweet'*  in 
taste  and  must  contain  considerable  organic  matter,  resulting  from 
the  decomposition  of  the  abundant  plant  remains  that  are  embedded 
everywhere  in  the  flood-plain  deposits.  Better  water  may  be 
obtained  on  any  of  the  flood  plains  by  sinking  deep  wells  into  the 
underlying  Lagrange  formation. 

At  Bandmill,  in  the  Mississippi  bottom,  poor  water  is  obtained 
from  the  alluvium  by  shallow  driven  wells. 

At  Bogota,  on  a  tributarj^  of  the  Obion,  there  are  no  springs  or 
open  wells,  but  water  is  obtained  from  driven  wells  18  to  20  feet 
deep.     The  quality  is  said  to  be  good. 

At  Dyersburg,  elevation  295  feet,  on  Forked  Deer  River,  shallow 
open  and  driven  wells  and  cisterns  are  used.  The  shallow  wells  run 
from  30  to  60  feet  in  depth.  The  30-foot  wells  in  the  loess  get  poor 
surface  water.  The  60-foot  wells  go  through  the  loess  and  get  a 
better  water  from  the  Lafayette  sand  or  the  top  of  the  Lagrange. 
The  supply  from  this  sand  is  large.  Five  wells  in  it  yield  about 
250,000  gallons  a  day,  but  the  water  is  hard  and  that  from  some  of 
them  scales  badly  in  boilers.  The  old  water  company  had  an  artesian 
well  6  inches  in  diameter  and  650  feet  deep,  with  a  natural  flow  of 
about  150,000  gallons  a  day  rising  about  10  feet  above  the  well 
mouth.  When  pumped  the  well  was  capable  of  yielding  1,000,000 
gallons  a  day  with  proper  air  lift.  The  log,  given  from  memorj^  is 
as  follows : 

Log  ofwdl  at  Dyersburg,  Tenn. 


\  Thickness. 


Feet. 

Red  clay 10 

Blue  clay 40 

Sand,  very  fine  on  top,  grading  into  a  laviTof  ;)ebblos  1  inch  in  dlamolor  at  bot- 
tom  ; 40 

Soft  liK'ht-c-olon'd  day I  25 

Quicksand '  30 

Thin  layers  of  fine  sand  and  dark  tough  clay  with  ligniite I  275(7) 

Sand,  fine  and  coarse  to  bottom * !  230(?) 


Depth. 


Feet. 

10 
.SO 

90 
115 
145 
420  (?) 
(oO 


Tlie  water  has  not  been  analyzed,  but  it  is  not  good  for  boiler  or 
general  industrial  use,  so  that  the  munici|)al  cor])oration  which  has 
bought  out  the  old  private  water  company  now  takes  the  town  sup- 
ply from  Forked  Deer  River  and  forces  it  by  two  1,000,000-gallon 
Worthington  pumps  into  a  standpipe  27  by  50  feet  in  size  and  125 
feet  above  the  pumps.  The  sup])ly  is  filtered  l)y  Jackson  mechanical 
filters. 

The  Phoenix  Cotton  Oil  Com])any  has  a  well,  drilled  in  1899,  at 
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about  the  same  elevation  as  the  town  well,  and  591  feet  deep.  For 
the  upper  200  feet  the  diameter  is  8  inches;  below  that,  6  inches, 
with  a  30-foot  strainer.  The  log,  given  from  memory  by  one  of 
the  proprietors  of  the  mill,  is  as  follows: 

Log  ofweiO,  ofPhcmix  Cotton  OH  Company ^  Dyerahirg,  Tenn. 


Depth. 

Feet. 

Clay  and  sand 200  "200 

*  *  Soapstone  "or  hard  pipe  clay +350  +550 

White  sand,  mostly  coarse 41  591 

\ 

At  200  feet  a  weak  flow  of  water  containing  considerable  mineral 
matter  was  encountered.  The  natural  flow  is  at  first  100  gallons  a 
minute^imder  a  head  of  11  feet.  This  flow  decreases  slowly  until  the 
strainer  is  washed  out  by  back  pressure  and  then  resumes  its  original 
volume.  The  water  contains  138  parts  per  million  of  mineral  matter, 
114  parts  of  which  are  iron  salts.  The  water  flows  naturally  into  a 
pool,  which  was  at  first  shallow  and  aerated  it  sufficiently  to  cause 
most  of  the  iron  to  be  precipitated.  The  pool  has  lately  been  deep- 
ened and  now  aeration  and  precipitation  are  imperfect  and  a  yellow- 
ish rust-colored  soft  scale  is  deposited  in  the  boilers. 

Another  log  of  these  two  wells  was  given — also  from  memory — 
by  Johnson  and  Fleming,  of  Memphis,  who  drilled  both  wells.  It  is 
as  follows: 

Log  ofweH  ofPhcmix  Cotton  Oil  Company  ^  Dyershurgy  Tenn. 

Feet. 

Loess 5 

Fine  sand  and  gravel,  gray-black  in  color 40  or  50 

sot,  gray  to  black,  full  of  leaves  and  lignite  to  220  feet  from  surface 1^5  or  175 

Blue  clay,  with  leaves  and  logs 360 

White  pipeclay 20 

White  sand  with  fine  particles  of  lignite  and  iron  pyrite 28 

They  report  the  town  well  as  584  feet  deep  and  the  oil  company's 
as  628.  The  oil  company's  purchase  of  pipe  and  strainer  shows  only 
591  feet. 

West  of  Dyersburg  in  the  bottoms  driven  wells  2  inches  in  diam- 
eter and  10  to  40  feet  deep  are  used.  The  water  is  poor  and  flat  or 
*' sweet. "  East  of  town,  on  the  upland,  wells  average  about  40  feet 
deep. 

At  Finley  cisterns  are  used  xevy  largely. 

At  Lane  there  are  a  few  springs,  several  open  wells,  some  cisterns, 
and  a  number  of  driven  wells  75  to  125  feet  in  depth.  An  approxi- 
mate log  of  one  of  these  is  as  follows: 
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Log  of  wed  at  lane^  Tenn. 


Red  clay,  becoming  lighter  downward  . . . 

Blue  clay 

Sand,  fine-grained,  water-bearing 

Blue  clay 

Sand,  coarser,  water-bearing 

Blue  clay,  somewhat  chalky 

Sand,  course,  with  gravel,  water-bearing. 


Thickneaa. 

Depth. 

Feet, 

Feet. 

35 

3S 

25 

eo 

5 

65 

15 

» 

10 

» 

25 

m 

5 

120 

The  supply  is  abundant  but  the  water  is  hard. 

At  Laplata  water  is  obtained  from  shallow  wells  that  average  30 
feet  in  depth. 

At  Newbern,  elevation  380  feet,  cisterns  were  formerly  much  used. 
There  is  a  town  system  of  waterworks  deriving  an  abundant  supply 
from  two  wells,  each  165  feet  deep;  one  of  5-inch  diameter,  put  down 
in  1892,  the  other  of  8-inch  diameter,  put  down  in  1897.  The  water 
rises  within  about  70  feet  of  the  surface.  The  supply  is  ample  for  the 
two  pumps,  which  have  a  combined  capacity  of  8,000  gallons  per 
hour.  The  water  is  soft  and  very  good  for  washing.  It  forms  a  little 
soft  scale  in  boilers  which  is  easily  removed  by  a  boiler  compound. 
It  does  not  injure  the  iron,  but  corrodes  brass  connections  rapidly. 
The  health  of  the  town  is  said  to  have  been  materially  improved  by 
the  use  of  this  water.  Typhoid  and  malarial  fevers  especially  have 
decreased  in  frequency.  There  are  other  wells  of  about  the  same 
depth  at  the  Illinois  Central  Railroad  water  tank,  the  ice  plant,  a 
planing  mill,  and  a  flouring  mill. 

A  generalized  section  given  by  Mr.  J.  L.  Holt,  a  Newbern  well 
driller,  is  as  follows: 

Generalized  section  at  Xewbcm,  Tenn. 

F«t. 

Yellow  clay  (loess) 30^ 

Sand,  line,  only  a  little  water  in  it  (Lafayette) 4± 

Joint  elay ,  or  soapstone,  bluish  pray 30-60 

Quicksand,  fine,  silty,  down  to  a  total  depth  of  130-1.50  feet 35-85 

Coarse  yellow  sand,  i)enet rated 10-15 

At  the  |)laning  mill,  on  about  the  same  level  as  the  town  well,  no 
joint  clay  was  encountered.  Thirty  feet  of  loess  were  followed  by 
a  ciuicksaiul  that  became  coarser  downward  until  the  strainer  was 
set  at  1 10  feet  depth. 

Two  miles  west  of  Xewbern  the  following  record  wa^  obtained  in 
a  well  made  for  Mr.  Kit  Ilaskins: 

Log  of  Ilafikin.'i  u\fl  near  XcirlHrn,  Tenn. 


Thickness.  I      Depth. 


Clay,  yellowish  on  top 

Clay,  mldish 

Clay,  blue 

Clay,  white 

Sandstones 

Sand,  coarse,  yellow,  iwnetratcd. 


Feet. 


Feet. 


50 
100 
150 
196 
197 
210 
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Eight  miles  west  of  Newbern  water  was  obtained  on  the  upland 
for  Mr.  Guy  Fairbanks  at  a  depth  of  156  feet.  The  section  was  as 
follows : 

Log  of  Fairbanks  writ  near  Newbern,  Tenn. 


Clay,  vellow  (loess) 

Clay,  blue  (lot^ss  ?) 

Saiid  and  gravel  with  2-foot  indurated  layer  at  bas*^  (Lafayette  ?) . 
Quicksand  with  some  gravel,  penetrated  ( Lagrangi> ) 


Thickness. 

Depth. 

Feet. 

Feet. 

50 

50 

40 

90 

12 

112 

54 

166 

Five  miles  south  of  Newbern,  on  the  uplands  north  of  Forked 
Deer  River,  a  hard  water  not  fit  for  boiler  use  is  obtained  at  a  depth 
of  about  325  feet.  The  water  rises  to  within  75  feet  of  the  surface. 
The  strata  passed  through  were  as  follows: 

Log  of  well  on  Forked  Deer  River  near  Newbern ,  Tenn.  a 


Thickness. 


I  Feet. 

Clay,  yellow  (loess) 40 

Sand,  very  fine,  doughy 100 

Clay,  blue,  tough 85 

Sand,  fine,  blue,  penetrated 100 


Depth. 


Feet. 

40 
140 
225 
325 


1  Figures  are  approximate. 

Along  Obion  River  wells  on  the  first  bottom  average  50  feet  in 
depth.  They  usually  pass  through  blue  mud  from  20  to  50  feet 
thick  and  enter  a  bluish  muddy  sand,  in  which  the  well  is  made. 
Occasionally  a  pocket  of  gravel  is  encountered  beneath  the  blue  mud. 
On  the  second  bottoms,  which  rise  1 5  to  25  feet  above  the  first  bot- 
toms, and  are  from  4  to  12  miles  wide,  the  average  depth  of  wells  is 
about  110  feet,  and  the  average  record  is,  from  the  top  down,  yellow 
to  gray  clay  (loess),  20  to  40  feet  thick;  blue  mud,  often  very  soft, 
20  to  30  feet  thick ;  muddy  quicksand  as  in  first  bottoms.  There  is 
no  Lafayette  gravel  between  the  yellow  clay,  or  loess,  and  the  under- 
lying blue  mud  of  the  Lagrange.  In  the  cutting  of  the  broad  valley 
represented  by  the  second  bottom  the  Lafayette  was  removed;  the 
loess  was  then  laid  down  alike  over  upland  and  valley  floor;  then 
uplift  came  and  the  loess  was  removed  from  the  area  now  occupied 
by  the  streams  and  the  first  or  present  bottom. 

On  the  uplands  east  of  Newbern,  toward  Trenton,  water  is  usually 
soft  and  is  reached  at  about  50  to  55  feet.  In  some  spots,  which  are 
not  necessarily  high  places,  one  must  go  90  or  100  feet  to  obtain  an 
unfailing  suppl}'.  In  this  region  the  loess  soon  thins  out  and  disap- 
pears, and  hence  the  water  is  apt  to  be  soft. 

At  Templeton  driven  wells  range  in  depth  from  30  to  150  feet. 
The  deeper  ones  yield  an  unfailing  supply  of  water  that  is  usually 
soft,  but  in  some  cases  contains  iron  and  other  inixvev^Aa,    TV^a^'**' 
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here,  as  elsewhere  in  the  county  at  any  notable  depth,  is  obtained 
from  sands  of  the  Lagrange  formation. 

At  Tennemo,  on  the  Mississippi,  poor  water  is  obtained  from  shal- 
low driven  wells;  river  water  is  also  used. 

At  Tigertail  small  driven  wells  average  about  30  feet  in  depth. 

At  Trimble  there  are  a  few  cisterns,  but  water  is  obtained  mainly 
from  driven  wells  that  range  from  40  to  110  feet  in  depth  arid  fur- 
nish a  good  supply.  The  water  in  the  shallow  wells  is  hard;  in  the 
deeper  ones  it  is  somewhat  soft  and  is  used  for  boilers  without  much 
difficulty.  The  loess  is  about  30  or  40  feet  thick  and  is  underlain 
by  a  blue  clay,  often  so  soft  as  to  run,  4  to  10  feet  thick,  followed 
by  a  fine  quicksand,  which  usually  becomes  coarse  enough  at  a  depth 
of  80  to  1 10  feet  to  make  the  well  there. 

FAYETTE    COUNTY. 

Fayette  County  is  in  the  southwestern  part  of  the  area  discussed, 
and  is  bordered  on  the  south  by  the  State  of  Mississippi.  Its  area 
is  618  square  miles.  The  entire  county  drains  into  Wolf,  Loosa- 
hatchie,  and  Hatchee  rivers,  which  are  all  tributary  to  the  Missis- 
sippi. The  larger  part  of  the  area  is  elevated  and  rolling.  In  the 
-sotrthBEsten  part  of  the  county  there  are  hills  adjacent  to  the  Wolf 
River  valley.  In  the  northwestern  part  the  county  on  either  side 
of  the  Loosahatchie  is  broken  and  hilly.  The  southeastern  part 
of  the  county  is  the  highest.  Lagrange  has  an  elevation  of  531  feet, 
and  elsewhere  in  the  vicinity  elevations  of  550  to  575  feet  are  found. 
The  general  slope  is  westward,  and  the  lowest  elevation,  about  260 
feet,  is  on  the  western  edge  of  the  county,  where  Loosahatchie  River 
leaves  it. 

Geology, — The  underlying  formation  is  everywhere  the  Lagrange. 
It  is  exposed  in  many  places  in  the  ravines  and  deep  gullies,  and  con- 
tains clay  beds  that  are  mined  in  a  number  of  j)laces.  The  section 
at  Lagrange,  from  which  place  the  formation  takes  its  name,  is 
given  on  page  36.  It  is  overlain  by  10  to  20  feet  of  orange-colored 
sand  belonging  to  the  Lafayette,  and  this  in  turn  by  a  few  feet  of 
Columbia  sand  or  loam,  or,  in  the  northwestern  part  of  the  coimty, 
by  the  thin  eastern  edge  of  the  loess. 

Water  resources. — As  a  rule,  springs  are  not  numerous  in  this 
county.  The  Lagrange  consists  here  ver^^  largely  of  sands  which 
absorb  water  freely,  and  contains  comparatively  few  beds  of  clay 
extensive  enough  to  intercept  the  water  in  its  dowTiward  passage 
and  guide  it  to  the  surface  along  their  outcrops  to  form  springs. 
The  water  table  or  ground-w^ater  level  lies  here  farther  from  the  sur- 
face than  is  the  case  either  to  the  east  or  the  west  of  this  outcrop 
belt  of  the  Lagrange.  Springs  arc  generally  frc^estone.  The  depth 
to  w&ter,  which  is  in  many  places  75  to  150  feet,  makes  open  wells 
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expensive  and  inconvenient,  and  so  cisterns  are  largely  used.  Driven 
wells  2  or  3  inches  in  diameter  have  in  recent  years  come  into  use  in 
many  sections.  The  deeper  ones  are  usually  pumped  by  windmills 
or  by  gasoline  Or  steam  engines.  The  quality  of  the  water  from  the 
Lagrange  sand  is  generally  good.  Occasionally  a  well  strikes  a 
bed  of  lignitic  material  and  the  water  then  contains  iron  and  sul- 
phur. In  places  weak  flows  may  be  obtained  at  the  base  of  the 
Lafayette.  As  a  rule,  such  water  can  not  be  depended  on  during 
dry  seasons.  It  seems  to  gather  in  little  local  depressions  on  the 
upper  surface  of  the  Lagrange,  being  held  up  by  an  impervious 
crust  of  ironstone,  which  in  places  is  found  at  the  contact  between 
these  two  formations,  but  which  may  be  wanting  within  a  hundred 
yards,  [f  this  impervious  layer  is  penetrated,  the  Lagrange  sand 
beneath  is  generally  found  dry,  and  one  may  dig  50  or  100  feet  deeper, 
or  more,  before  getting  water  in  this  formation.  Water  should  be 
obtainable  anywhere  in  the  Lagrange  at  depths  of  not  more  than 
200  or  250  feet,  and  in  many  places  it  is  found  at  a  depth  considerably 
less.  The  streams  of  the  county  are  numerous  and  except  in  dry 
seasons  have  an  abundant  flow.  Some  of  them  have  considerable 
fall  and  furnish  sites  for  small  mills. 

At  Canadaville  there  are  no  springs,  but  most  of  the  inhabitants 
use  cisterns.  Some  small  bored  wells,  ranging  from  90  to  140  feet 
in  depth,  yield  an  abundant  supply  of  good  soft  water,  but  in  the 
deeper  wells  it  rises  only  within  125  feet  of  the  surface. 

At  Claxton  only  ordinary  and  driven  wells  are  used.  The  latter 
may  go  75  to  100  feet  deep,  and  the  water  rises  within  about  40  feet 
of  the  surface.     The  water  is  soft  and  the  quantity  ample. 

At  Elba  there  are  a  few  springs.  The  main  water  supply  comes 
from  bored  wells  of  shallow  depth. 

At  Gallaway,  elevation  277  feet,  a  few  cisterns  are  in  use,  but 
most  of  the  people  have  shallow  wells  that  derive  their  supply  from 
the  Lafayette  sand  beneath  a  loess  covering.  The  water  is  conse- 
quently hard. 

Ina  is  on  an  elevated  plateau  500  feet  above  sea  level.  There 
are  a  few  springs,  but  they  are  usually  weak.  The  principal  water 
supply  is  from  ordinary  pipe  wells  of  small  diameter  that  average 
75  to  125  feet  deep  and  furnish  good  soft  water. 

Lagrange  is  on  an  elevated  ridge  532  feet  above  the  sea.  A 
detailed  discussion  of  the  geology  is  given  on  page  36.  Wells  are 
the  main  dependence  for  water.  They  vary  greatly  in  depth.  Some 
find  water  at  18  to  20  feet  depth  at  the  base  of  the  Lafayette;  others 
a  few  hundred  yards  away  go  175  to  213  feet  before  getting  a  supply 
in  the  Lagrange  sand.  The  water  is  soft  and  pure,  but  does  not  rise 
in  the  wells.     Windmills  are  used  for  pumping. 
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At  Lambert  there  are  some  springs  along  the  streams;  on  the 
upland  surface  water  is  obtained  from  ordinary  open  wells. 

At  Macon  most  of  the  water  is  obtained  from  bored  wells  at  depths 
of  from  35  to  100  feet.  There  are  a  few  springs,  but  they  are  along 
the  streams  and  not  convenient  for  use. 

At  Moorman  small  driven  wells  are  largely  used.  One  103  feet 
deep  struck  water  of  good  quality  at  53  feet.  It  is  pumped  by  a 
windmill.     Others  go  as  deep  as  200  feet. 

At  Moscow,  elevation  354  feet,  the  wells  average  30  to  40  feet  in 
depth.  At  that  depth  the  flow  is  weak,  but  below  the  blue  mud 
struck  there  water  is  found  in  abundance  at  depths  of  60  to  80  feet. 
In  the  hills  east  of  town  water  is  reached  at  90  to  100  feet. 

At  New  Kent  there  are  some  wet-weather  springs,  but  water  is 
generally  obtained  from  bored  and  dug  wells.  The  supply  from 
these  is  not  always  satisfactory,  and  many  are  reported  to  have  gone 
dry  after  a  few  years. 

At  Oakland,  elevation  38S  feet,  the  wells  are  from  60  to  125  feet 
in  depth.  They  are  pumped  by  hand,  or  by  steam  where  used  for 
industrial  purposes. 

At  Rossville,  elevation  311  feet,  water  is  obtained  from  white  sand 
beneath  a  layer  of  pipe  clay  at  28  to  35  feet.  It  is  soft,  but  contains 
some  iron. 

At  Somerville,  elevation  356  feet,  the«aupply  is  furnished  by  open 
wells  and  driven  wells  from  100  jto  150  feet  deep.  The  water  rises 
in  some  of  these  within  50  feet  of  the  surface.  It  is  in  several  cases 
reported  hard.     The  supply  is  abundant. 

At  Taylors  Chapel  water  is  obtauied  from  some  good  strong 
springs  and  wells  that  range  from  25  to  125  feet  in  depth.  In  many 
places  at  de])ths  of  30  to  40  feet  a  stratum  of  black  mud  is  struck, 
averaging  about  40  feet  thick  and  furnishing  foul-smelling  wat^r. 
It  is  underlain  by  a  thin  ironstone  layer  and  when  this  is  pierced 
good  water,  that  rises  30  or  40  feet,  is  found  in  abundance.  It  is 
usually  pure,  but  occasionally  contains  some  iron  or  sulphur. 

Yuniyuni  has  very  few  sj)rings.  Bored  wells  ranging  from  30  to 
40  feet  in  depth  furnisli  a  scant  su])])ly,  but  an  abundance  is  reached 
by  driven  wells  at  depths  of  125  to  200  feet. 

GIHSOX    COl  NTY. 

Topof/raplnj. — Gil)son  County  is  situated  almost  in  the  center  of 
the  embay nient  area  of  western  Tennessee.  Its  shape  is  roughly 
a  rectangle  from  which  the  northeast  and  southwest  corners  have 
been  rcMuoved.  It  is  bomuled  on  the  northeast  hv  South  Fork  of 
Obion  Kiver  and  on  the  southwest  chiefly  l)v  Middle  Fork  of  Forked 
Deer  River.     The  area  is  025  scpiare  miles. 

The  entire  county  is  in  the  Mississippi  drainage  area.     The  surface 
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slopes  gently  to  the  northwest,  and  is  mostly  level  or  slightly  roll- 
ing, for,  as  a  rule,  the  streams  have  not  cut  deeply  below  the  general* 
level;  only  in  the  southern  and  eastern  parts  of  the  coxinty  is  the 
surface  broken  or  hilly.  The  stream  valleys  or  flood  plains  are 
usually  wide  and  the  valley  sides  have  moderate  slopes.  The  streams 
do  not  have  much  fall,  but  flow  gently,  and  are  rather  building  up 
their  flood  plains  than  cutting  them  out.  The  greatest  elevation 
is  in  the  southeast  corner,  where  it  reaches  slightly  above  500  feet. 
The  least  elevation  is  about  280  feet,  at  the  point  where  Forked 
Deer  River  leaves  the  western  edge  of  the  county.  The  average 
elevation  of  the  upland  is  about  400  to  425  feet. 

Geology. — The  rocks  that  outcrop  in  Gibson  County  are  the  La- 
grange, the  Lafayette,  and  the  Columbia  loam  and  loess. 

The  Lagrange  underlies  the  entire  county  and  is  the  source  of  all 
deep  waters.  Because  of  the  gentle  character  of  the  stream  cutting 
it  is  not  usually  exposed.  It  consists  here  as  elsewhere  of  sands  and 
clays,  the  sands  predominating. 

The  Lafayette  rests  upon  the  Lagrange  on  the  uplands  and  the 
upper  part  of  the  valley  slopes.  It  is  here  chiefly  a  red  loamy  or 
case-hardened  sand  and  contains  very  little  gravel.  It  averages 
perhaps  20  or  30  feet  in  thickness. 

A  few  feet  of  light-colored  Columbia  loam  usually  overlie  the 
Lafayette,  and  it  is  often  hard  to  distinguish  one  formation  from  the 
other.  In  the  northwestern  part  of  the  county  this  loam  appar- 
ently passes  into  the  loess. 

Water  resources. — The  various  tributaries  of  Obion  and  Forked  Deer 
rivers  provide  most  of  the  county  with  water  for  stock.  Some  por- 
tions of  the  county,  however,  are  remote  from  streams  and  there  ponds 
are  dug  in  low  places  to  catch  water.  For  domestic  use  wells  are  the 
most  common  source  of  supply.  To  a  limited  extent  cisterns  are 
used,  especially  in  the  middle  and  western  parts  of  the  county,  on 
the  more  elevat<^d  uplands,  where  wells  would  be  in  some  places 
inconveniently -deep.  Along  the  sides  of  the  valleys  springs  occur, 
but  most  of  them  come  from  the  base  of  the  Lafayette  and  have  a 
weak  flow.  The  wells  range  in  depth  from  25  to  35  feet  in  the  low 
grounds  near  the  streams  and  from  100  to  125  feet  on  the  uplands. 
Exceptionally  they  may  reach  200  feet,  as  in  some  places  in  the  ele- 
vated southeastern  part  of  the  county.  The  water  is  generally  soft 
where  it  does  not  come  from  the  loess,  which  occurs  in  the  north- 
western part  of  the  county.  It  is  generally  free  from  mineral  matter, 
though  in  places  where  lignitic  beds  are  present  in  the  Lagrange  it 
may  contain  iron  and  sulphur.  Water  in  the  deeper  wells  may  rise 
on  the  uplands  a  good  part  of  the  way  to  the  surface,  while  on  the 
second  bottoms  and  along  the  streams  it  rises  just  to  or  slightly  above 
the  surface.     Many  wells  in  low  places  that  flow  gently  when  first 
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drilled  stop  flowing  after  a  time,  because  of  the  partial  choking  up 
•of  the  pores  in  the  sand  around  the  strainer  by  fine  particles  carried 
there  by  the  flow  of  water  to  the  well.  In  such  cases  back  pressure 
by  a  pump  washes  the  sand  clean  and  restores  the  original  flow  for  a 
time. 

At  Bradford,  elevation  366  feet,  water  is  obtained  from  dug  and 
bored  wells  that  vary  in  depth  from  10  feet  in  low  places  to  160  feet 
on  high  ground.  Usually  an  abundance  of  water  may  be  had  at  40 
feet  or  less.     Springs  are  few,  small,  and  weak. 

At  Cades,  elevation  374  feet,  a  black  lignitic  clay  90  feet  thick  is 
struck  at  a  depth  of  about  30  feet.  Beneath  this  is  a  water-bearing 
sand.  In  a  well  140  feet  deep  the  water  stands  30  feet  below  the 
surface. 

About  2  miles  north  of  Cades  the  lignitic  clay  is  absent.  A  well 
on  the  Fletcher  Neal  farm  went  175  feet  through  sand  only  and 
obtained  good  water  at  160  feet,  but  the  water  did  not  rise  abov6  that 
level. 

At  Clareville  w^ater  is  obtained  chiefly  from  open  and  bored  wells 
of  50  feet  depth  or  less.     There  is  a  sulphur  spring  of  local  note  only. 

At  Dyer,  elevation  358  feet,  both  wells  and  cisterns  are  used.  The 
wells  average  from  20  to  60  feet  in  depth.  Some  of  the  water  is  hard 
and  the  supply  is  usually  not  large.  One  well  is  reported  200  feet 
deep,  ])ut  no  further  data  concerning  it  could  be  had.  A  mile  west 
of  town  there  is  a  strong  spring  of  pure  soft  water  that  has  deter- 
mined the  location  near  it  of  a  Methodist  camp-meeting  ground. 

At  Eaton  there  are  few  springs  except  along  the  edge  of  the  Forked 
Deer  .bottom.     Wells  range  from  20  to  40  feet  in  depth. 

At  Edmonds  a  plentiful  supply  of  good  water  is  obtained,  mostly 
from  small  bored  wells.  There  are  a  few  open  or  dug  wells.  The 
depths  of  all  are  moderate. 

At  Gibson,  elevation  389  feet,  the  bored  wells  range  from  20  to 
100  feet  in  depth,  though  the  average  is  about  60  feet.  In  the  deeper 
wells  water  rises  20  or  30  feet. 

At  Ilootcii  there  are  a  few  springs.  Most  people  have  bored  or 
dug  wells  tliat  reach  an  abundant  supply  of  water  at  from  20  to  40 
feet. 

At  Laneview  open  and  small  bored  wells  range  in  depth  from  50 
to  130  feet.  In  a  12S-f()ot  well,  the  water  stands  110  feet  from  the 
surface. 

At  Lonoke  ordinary-  wells  range  from  15  to  100  feet  in  depth, 
according  to  location,  and  small  pij)e  wells  from  100  to  300  feet. 
The  water  is  soft,  but  in  some  of  the  deeper  wells  contains  iron  or 
sulphur. 

At  Medina,  elevation  502  feet,  it  is  necessary  to  go  to  a  depth  of 
from  100  to  200  feet  for  water,  and  sometimes  even  at  the  latter  depth 
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the  Lagrange  sands  fail  to  furnish  a  supply.     The  water  is  soft  and 
pure  where  obtained. 

Milan,  elevation  421  feet,  is  underlain  by  about  20  or  22  feet  of  red 
Lafayette  sand,  below  which  in  a  part  of  the  town  is  found  a  pipe 
clay  43  feet  thick,  while  elsewhere,  especially  in  the  eastern  part  of 
town,  instead  of  pipe  clay  a  very  dark  or  black  lignitic  clay  is  struck. 
This  black  clay  occurs  3  or  4  miles  north  of  town  and  for  the  same 
distance  south.  It  reaches  a  thickness  in  places  of  70  to  90  feet. 
Under  it  are  2  to  7  feet  of  yellow  clay,  then  a  3  or  4  inch  ironstone 
crust,  easily  broken  by  an  iron  bar.  Below  either  the  pipe  clay  or 
the  ironstone  is  foimd  a  soft  sand  which  varies  in  texture  but  often 
contains  in  its  upper  part  some  fine  gravel.  This -sand  is  water- 
bearing and  has  been  explored  to  a  depth  of  200  feet  from  the  surface. 
The  town  corporation  has  two  6-inch  wells,  each  113  feet  deep,  with 
20-foot  No.  6  Cook  strainers.  The  water  rises  within  20  feet  of  the 
surface.  It  is  pumped  into  a  large  cistern  or  reservoir  and  is  forced 
thence  into  the  mains  under  a  service  pressure  of  40  to  45  pounds 
and  a  fire  pressure  of  100  to  125  pounds.  The  water  is  very  clear 
and  is  said  to  be  good  for  all  purposes.  It  forms  in  boilers  a  very 
small  amount  of  soft  scale.  The  pumps  have  a  capacity  of  500,000 
gallons  per  day.  The  actual  daily  consimiption  averages  60,000 
gallons.  Open  wells  get  surface  water  at  the  base  of  the  Lafayette 
at  depths  of  20  to  25  feet.  This  water  is  usually  unsatisfactory  and  the 
best  open  or  pipe  wells  are  from  65  to  90  feet  deep.  They  tend  to 
fill  up,  however,  with  the  fine  soft  sand  in  which  they  stop.  On  the 
higher  hills  in  the  vicinity  the  wells  go  100  or  125  feet  deep,  and  in 
such  localities  an  occasional  cistern  is  found.  Elsewhere  in  this 
vicinity  cisterns  are  not  used. 

At  Neboville  there  are  along  the  water  courses  some  small  springs 
that  are  used  for  stock.  Wells  average  from  40  to  80  feet  in  depth. 
The  water  is  generally  soft. 

At  Rutherford  water  is  obtained  from  dug  wells  50  to  70  feet  deep ; 
it  is  reported  hard  in  some  cases.  Driven  or  pipe  wells  averaging 
about  160  feet  in  depth  are  also  used. 

At  SkuUbone  there  are  no  springs;  water  is  obtained  from  open 
or  bored  wells,  some  of  which  are  90  feet  deep,  with  the  water  stand- 
ing 70  feet  from  the  surface. 

At  Trenton,  elevation  315  feet,  a  town  supply  is  obtained  from  four 
4-inch  wells  119,  147,  152,  and  165  feet  deep,  and  two  6-inch  wells 
130  and  165  feet  deep.  In  the  130-foot  well  the  strainer  is  24  feet 
long;  in  the  others  16  feet.  Five  are  in  a  row  only  22  feet  apart;  the 
sixth  is  40  feet  distant  from  this  row.  As  a  consequence  they  inter- 
fere with  each  other.  They  have  a  combined  natural  flow  under  a 
head  of  about  2  feet  of  90  gallons  per  minute.  Except  in  case  of^ 
fire  and  during  July,  August,  and  September,  when  daily  consumi^P 
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tion  is  at  a  maximum,  the  natural  flow  is  adequate  for  all  purposes. 
The  two  pumps  have  each  a  capacity  of  250,000  gallons  per  day  and 
force  the  water  into  the  mains  under  a  service  pressure  of  45  poimds 
per  square  inch.  The  water  is  very  clear  and  pure  and  sinc«  1897, 
when  the  system  was  installed,  the  health  of  the  town  has  notably 
improved,  fevers  especially  showing  a  marked  decrease.  In  sinking 
the  wells  1 5  feet  of  a  second-bottom  deposit  of  sandy  clay  w^as  first 
passed  through  and  then  a  water-filled  sand  which  extends  down  155 
feet  and  is  followed  by  1  foot  of  sand  ironstone  and  that  by  a  light- 
colored  pipe  clay  which  was  not  explored  further.  The  sand  in 
which  the  strainers  were  set  is  very  fine  and  some  gets  throHgh  even 
a  No.  6  Cook  strainer,  so  that  as  little  pumping  as  possible  is  done. 
Common  open  wells  in  town  run  from  20  to  40  feet  deep,  and  some  cis- 
terns are  still  in  use.  These  are  now  generally  filled  from  the  city 
mains  and  during  the  hot  months  keep  the  water  cooler  than  it  is  in 
the  mains.  A  stave  mill,  a  fourth  of  a  mile  north  of  the  town  wells 
has  a  4-inch  well  147  feet  deep,  with  a  record  similar  to  the  town 
wells.  In  the  surrounding  country  the  open  wells  vary  from  20  or  25 
feet  in  depth  in  the  stream  valleys  to  1 00  feet  on  the  uplands.  Some 
cisterns  are  in  use. 

At  Yorkville  there  is  a  mineral  spring  of  some  local  repute. 

HARDEMAN    COUNTY. 

Topography. — Hardeman  County  adjoins  the  State  line  on  the 
south  and  is  almost  halfway  between  Tennessee  and  Mississippi 
rivers.  It  is  quadrangular  in  shape,  with  a  small  irregularity  in  the 
northeast  corner.  Its  area  is  655  s(]uare  miles.  The  central  and 
western  parts  of  the  county  are  gently  rolling  and  the  northern,  east- 
ern, and  southern  parts  are  broken  and  hilly.  The  county  is  drained 
almost  entirely  by  Ilatchee  Kiver  and  its  tributaries.  The  course  of 
the  Ilatchee  is  from  southeast  to  northwest  through  the  center  of  the 
county,  and  its  tributaries  on  either  side  have  their  general  courses 
almost  at  right  angles  to  the  main  stream.  The  most  elevated  part 
of  the  county  is  the  southwestern,  where  the  higlier  ridges  or  remnants 
of  the  former  plateau  surface  reacli  altitudes  of  slightly  over  600  feet, 
and  the  <reneral  elevation  is  between  500  and  600  feet.  The  rest  of 
the  county  averages  between  400  and  500  feet.  The  lowest  point  is 
about  .SOO  feci,  where  the  Ilatchee  leaves  the  county.  The  general 
surface  8lo|)e  is  northward  or  northwestward. 

(iiology.  ~T\\{}  geologic  formations  of  Hardeman  County  are  the 
Riplev,  Porters  Creek,  Lagrange,  Lafayette,  and  Columbia. 

The  Kiplev  is  found  only  in  a  narrow  ])elt  along  the  extreme  eastern 
edge  of  the  county,  east  of  Muddy  Creek  near  Middleton  and  east 
of  Crainesville.  It  has  its  usual  character,  consisting  of  soft  light- 
colored  or  variegated  sands  with  occasional  thin  clay  lenses. 
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The  Porters  Creek  overlies  the  Ripley  and  succeeds  it  to  the  west 
as  a  surface  formation.  It  runs  through  the  eastern  part  of  the 
county  in  a  direction  slightly  east  of  north  in  a  belt  that  averages 
from  6  to  9  miles  wide.  Its  eastern  edge  along  the  Southern  Rail- 
way is  just  east  of  Muddy  Creek  near  Middleton  and  passes  through 
Crainesville.  Its  western  edge  may  be  seen  on  the  road  from  Bolivar 
to  Crainesville  just  east  of  the  bridge  over  the-Hatchie.  Much  of  it 
is  a  fine  clay,  ashen  gray  when  dry  but  darker  when  wet,  and  is  pop- 
ularly known  as  soapstone.  A  more  sandy  phase  is  sometimes 
known  as  alum  earth. 

The  Lagrange  lies  west  of  the  Porters  Creek  belt  and  underlies  all 
of  the  central  and  western  parts  of  the  county.  While  predomi- 
nantly of  sand,  it  contains  lenses  of  plastic  clay  and  occasional  beds 
of  lignitic  material. 

The  Lafayette  has  its  usual  character,  being  a  surface  veneer  of 
orange-red  sand  found  on  the  higher  levels,  10  to  perhaps  40  feet 
thick.  Over  it  in  places  may  l)e  discriminated  5  to  10  feet  of  lighter- 
colored,  softer  sand  representing  the  Columbia. 

JSater  resources. — The  county  is  naturally  well  watered.  Streams 
are  found  everywhere  within  short  distances  and  furnish  ample  sup- 
plies for  stock.  Their  flow  is  fairly  constant,  since  most  of  the  water 
comes  from  sandy  formations  that  furnish  an  almost  unfailing  sup- 
ply. Many  bold  springs  of  good  freestone  water  flow  from  the  sands 
of  the  Lafayette,  the  Lagrange,  or  the  Ripley.  The  springs  from  the 
Porters  Creek  *^ soapstone''  clay  are  weak  and  the  water  is  .usually 
astringent  from  alum  and  iron.  Wells  in  the  sands  obtain  good 
water.  Where  the  Lafayette  is  locally  thick  wells  often  reach  water 
in  its  lower  part  above  an  iron  crust  or  hardpan  separating  it  from 
the  underlying  formation.  The  quantity  of  this  Lafayette  water  is 
Umited  and  during  dry  seasons  it  may  fail  altogether.  Further- 
more, it  is  surface  water  and  so  is  lia])le  to  contamination.  The 
Lagrange  furnishes  good  pure  water  except  where  lignitic  beds 
locally  occur.  There  it  contains  iron,  sulphur,  or  alum  to  some 
extent.  The  depth  at  which  water  may  be  ()l)tained  in  it  varies 
largely  with  the  topography.  On  the  uplands  it  is  generally  neces- 
sary to  go  from  75  to  150  feet.  In  a  belt  of  very  porous  dry  sands  in 
this  formation  that  extends  2  or  3  miles  on  either  side  of  Grand 
Junction  and  runs  northeastward  to  Hickor}'  Valley  and  beyond  it 
is  often  necessary  to  go  200  feet  or  more.  In  such  places  and  also  in 
the  area  underlain  by  the  Porters  Creek  clay  cisterns  are  often  used. 
The  Porters  Creek  furnishes  unsatisf actor}'  water.  It  is  hard  and 
contains  iron  and  alum.  The  odor  in  some  cases  is  so  disagreea])le 
that  even  stock  will  not  touch  it,  and  the  supply,  even  where  the 
water  is  of  tolerable  quality,  is  usually  small.  In  many  cases  open 
wells,  which  are  usually  dug  less  than  100  feet,  fail  to  obtain  water. 
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Open  wells  should  be  stopped  in  the  base  of  the  Lafayette  just  above 
the  clay  if  that  formation  will  yield  any  water.  If  not,  the  small 
tubular  or  driven  well  should  be  used  and  should  be  put  down  through 
the  Porters  Creek  clay  to  the  upper  layers  of  the  Ripley  sand,  where 
a  supply  of  good  water  should  be  struck  that  will  rise  a  considerable 
distance  toward  the  surface.  Difficulty  should  not  be  experienced 
in  sinking  through  the  Porters  Creek  clay  if  struck  anywhere  near 
the  surface,  as  it  is  nowhere  known  to  be  as  much  as  200  feet  thick 
and  is  probably  not  greatly  over  100  to  125  feet  in  this  county. 

At  Bolivar,  elevation  449  feet,  water  is  obtained  from  wells  that 
average  70  to  80  feet  in  depth.  The  upper  20  to  30  feet  are  in 
Lafayette  sand  and  the  rest  of  the  section  is  in  Lagrange  sand. 
An  unsuccessful  attempt  to  sink  a  deep  well  was  made  some  years 
ago,  but  the  cause  of  the  failure  could  not  be  learned.  There  should 
be  no  difficulty  in  obtaining  water  from  the  lower  layers  of  the 
Lagrange,  which  is  probably  200  feet  or  less  in  tliickness  here.  Af t^r 
this  is  passed  no  water  could  be  hoped  for  until  the  Porters  Creek 
clay — perhaps  150  or  175  feet  thick — had  been  gone  through;  then 
water  should  be  struck  in  the  upper  part  of  the  Ripley  under  sufficient 
pressure  to  rise  within  about  100  feet  of  the  surface. 

Crainesville  is  situated  on  the  eastern  edge  of  the  Porters  Creek 
clay.  Wells  average  40  to  50  feet  in  depth.  Those  in  the  clay  fur- 
nish poor  water,  while  those  in  the  Ripley  sand  furnish  good  water. 
If  the  clay  is  struck,  digging  should  be  continued  until  it  is  passed 
through,  for  it  can  nowhere  in  the  village  be  over  a  few  score  feet 
thick.  Wells  in  the  Ripley  sand  to  the  east  are  from  30  to  50  feet 
deep  and  furnish  good  water.  Those  in  the  alluvium  of  the  Wade 
Creek  bottom  west  of  town  furnish  poor  water  at  depths  of  14  to 
25  feet.  Farther  west  in  the  "soapstone"  belt  good  water  is  some- 
times obtained  in  the  basal  part  of  the  Lafayette  sand  just  above 
the  leaden-colored  clay.  If  the  latter  is  entered  the  water  is  generally 
poor. 

At  Essary  Springs  Ilatchie  River  is  used  for  stock,  and  springs 
and  wells  furnish  the  domestic  supply.  The  wells  vary  from  20  to 
GO  feet  in  depth.  The  water  in  some  is  free  from  all  mineral  matter; 
in  others  it  contains  iron.  The  spring  water  commonly  contains 
iron  and  is  largely  used. 

At  Orand  Junction,  elevation  573  feet,  shallow  wells  in  the  basal 
part  of  the  Lafayette  at  depths  of  15  to  25  feet  furnish  a  scant  sup- 
ply of  surface  water  and  go  dry  during  late  summer  and  autunm. 
C^isterns  are  largely  used  for  domestic  supply.  Two  driven  wells  of 
2-hich  diameter,  one  145  and  the  other  105  feet  deep,  find  water  in 
the  Lagrange  sand.  Tlie  deeper  one  j)asses  through  the  following 
strata : 
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Log  of  well  at  Grand  Junction,  Tenn. 

Feet. 

Clay,  sandy,  red  (Lafayette) 12 

Clay,  fine,  white,  plastic 22 

Sand,  white,  clean,  sharp 20 

Clay,  white,  as  above 2 

Sand,  light  red,  coarse  at  top  and  bottom  (penetrated) 139 

Water  was  struck  at  152  feet,  but  did  not  rise.  At  195  feet  the 
sand  was  coarse  enough  to  set  the  strainer.  This  well  is  pumped  by- 
steam.  The  145-foot  well  belonging  to  the  town  is  pumped  with 
diflSculty  by  hand  and  is  not  much  used. 

At  Hickory  Valley,  elevation  566  feet,  shallow  wells  have  an  aver- 
age'depth  of  about  60  feet.  They  are  not  always  reliable  and  may 
go  dry ;  many  of  them  have  been  abandoned  for  cisterns  or  for  deep 
tubular  wells  that  range  from  150  to  210  feet  in  depth  according  to 
the  topography.  In  some  the  water  is* very  good  and  pure;  in 
others  it  contains  some  iron.  Similar  conditions  as  to  depth  and 
quality  prevail  for  3  miles  east  and  3  miles  west  of  town.  Five 
miles  to  the  east  springs  are  numerous  and  wells  average  only  30  or 
35  feet  deep. 

At  Middleburg,  elevation  537  feet^  wells  range  in  depth  from  25 
feet  in  the  base  of  the  Lafayette  to  180  feet  in  the  underlying 
Lagrange.     Water  is  abundant  and  soft. 

At  Middleton,  elevation  407  feet,  water  is  rarely  found  above  the 
dark  Porters  Creek  clay,  which  is  reached  at  a  depth  of  15  or  20  feet. 
Wells  average  20  or  25  feet  in  depth  and  furnish  poor  to  fair  water. 
One  well  102  feet  deep  was  abandoned  in  the  Porters  Creek  clay 
without  finding  water,  when  perhaps  50  feet  more  would  have 
carried  it  into  the  underlying  Ripley  sand,  where  a  good  supply  of 
soft  water  that  would  rise  much  of  the  way  to  the  surface  could  have 
been  expected.  Cisterns  are  used  to  some  extent,  though  in  the 
main  the  people  endure  the  poor  water  from  the  Porters  Creek  clay. 
It  is  surprising  that  no  one  has  drilled  through  this  into  the  Ripley, 
which  at  the  farthest  should  be  found  at  less  than  200  feet  from  the 
surface. 

At  Newcastle  the  wells  average  100  feet  in  depth. 

At  Pocahontas,  elevation  394  feet,  a  water  supply  is  obtained 
from  wells  that  average  25  or  30  feet  in  depth.  In  the  hills  near  by 
wells  reach  100  feet  or  more  in  depth.  The  water  is  soft  and  comes 
from  the  Ripley  sand. 

At  Rogers  Springs  the  ^^soapstone'*  occurs  near  the  surface.  A 
little  water  of  poor  quality  is  obtained  in  its  upper  part  about  35  to 
40  feet  from  the  surface.  An  exploratory  hole  80  feet  deep  failed 
to  find  other  water. 

Saulsbury,  elevation  534  feet,  is  situated  on  the  thin  eastern  pM^H 
of  the  Lagrange,  which  is  capped  on  the  higher  levels  by  aboutfl^ 
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feet  of  Lafayette  sand.  Water  is  usually  obtained  in  Lagrange 
sand  at  depths  of  85  to  90  feet.  Two  miles  south  of  town  the  Porters 
Creek  clay  is  struck  at  110  feet,  and  a  mile  west  of  town  at  130  feet. 
Water  was  obtained  in  moderate  quantities  just  above  the  clay.. 

At  Toone,  elevation  392  feet,  water  is  obtained  from  wells  and 
springs.     Wells  range  from  20  to  100  feet  in  depth. 

At  Whiteville,  elevation  500  feet,  bored  wells  range  in  depth  from 
50  to  140  feet,  most  of  them  from  100  to  125  feet.  The  quality  and 
quantity  of  the  water  are  both  good. 

HARDIN    COUNTY. 

TopograjyTiy, — Hardin  County  lies  at  the  southeast  comer  of 'the 
area  discussed  in  this  paper,  and  is  bounded  on  the  south  by  Missis- 
sippi and  Alabama.  Its  area  is  587  square  miles.  Only  a  part  of 
the  county  is  within  the  *embay ment  area,  about  two-thirds  being 
east  of  Tennessee  River.  West  of  the  Tennessee  there  are  small 
areas  of  Paleozoic  rocks  where  the  river  enters  and  leaves  the  county. 
The  western  part  of  the  county  slopes  eastward  and  is  drained  by 
numerous  small  streams  into  the  Tennessee.  Along  these  streams 
the  surface  has  been  cut  by  erosion  into  hills.  Away  from  the 
streams  much  of  the  surface  is  gently  rolling.  The  highest  portions 
are  along  the  western  boundary  and  average  about  500  or  525  feet 
in  elevation.  The  lowest  point,  about  350  feet,  is  at  low  water  on 
the  Tennessee  where  it  leaves  the  county. 

(reology. — The  formations  outcropj)ing  in  this  county  are  the 
Eutaw  sand,  Selma  clay,  and  Lafayette. 

The  Eutaw  sand  lies  immediately  west  of  Tennessee  River  in  the 
middle  part  of  its  course  across  the  county  and  is  well  exposed  at 
Coffee,  Crump,  and  Pittsburg  Landing.  A  section  at  Coffee  Bluff  is 
given  on  page  24.  The  Eutaw  is  found  just  beneath  the  Lafayette 
over  all  of  the  area  excej)t  a  narrow  strij)  in  the  western  and  north- 
western parts,  whicli  is  underlain  by  the  leaden-colored  clays  and 
shell  marl  of  the  Selnia.  Over  both  of  these  formations  is  spread  a 
thin  veneer  of  Lafayette,  which  is  still  intact  on  much  of  the  upland 
surface,  hut  has  l)een  removed  on  the  stream  slopes.  It  contains 
much  chert  ^rravel  and  is  usually  hiirhlv  fcM'ru^inous. 

Wdtir  nsoufrcs.  —Springs  are  numerous  along  the  lower  slopes  of 
the  hills.  Those  from  the  Selma  elay  are  more  or  less  impregnated 
with  lime,  while  those  from  the  Eutaw  sand  may  ])e  free  from  min- 
eral matter  or  may  contain  iron  and  sulj)hur.  ^Springs  in  the  slight 
depressions  occurring  in  the  more  elevated  rolling  portions  of  the 
county  are  from  the  base  of  the  Lafayette  and  are  apt  to  be  weak. 
Streams  are  numerous  but  as  a  rule  small.  Tn  the*  Eutaw  area  wells 
are  usually  open  or  bored,  and  vary  from  'M)  to  70  feet  in  depth,  the 
deeper  ones  being  on  the  bluffs  near  the  river.     In  the  Selma  area  it 
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is  necessary  either  to  bore  through  the  clay  200  feet  or  more  in  order 
to  reach  good  water  in  the  underlying  Eutaw  sand  or  to  stop  in  the 
Lafayette  before  the  Selma  is  reached,  provided  the  Lafayette  is 
thick  enough  to  reach  below  permanent  ground-water  level  and  fur- 
nish a  supply.     Cisterns  are  but  little  used. 

At  Crump  water  is  obtained  from  some  good  strong  springs  and 
from  numerous  wells,  averaging  50  to  70  feet  in  depth.  The  water 
at  this  depth  comes  from  the  upper  part  of  the  Eutaw  formation  and 
is  abundant  and  good. 

At  Hamburg,  in  the  Tennessee  River  Valley,  water  is  obtained 
from  shallow  wells  sunk  in  the  alluvial  deposits.  The  quality  is  fair 
to  good. 

At  Hurley  there  are  several  springs  that  furnish  chalybeate  water 
and  open  wells  60  to  70  feet  deep  that  furnish  good  water  from  the 
Eutaw  sand. 

At  Morris  Chapel  soft  water  is  obtained  from  the  Eutaw  formation 
by  wells  from  15  to  50  feet  deep.     The  average  depth  is  40  to  45  feet. 

At  Pittsburg  Landing,  in  the  Shiloh  National  Park,  wells  pass 
through  10  feet  of  Lafayette  surface  clay,  15  to  20  feet  of  Lafayette 
gravel,  partly  cemented  by  iron,  and  into  the  Eutaw  sand  to  a  total 
depth  of  from  40  to  70  feet,  where  good  pure  water  is  obtained. 
From  Pittsburg  Landing  westward  for  some  miles  open  wells  averag- 
ing 40  to  50  feet  in  depth  and  drawing  from  the  Eutaw  sand  are  the 
chief  water  supply. 

UAYWOOD    COUNTY. 

Topography, — Haywood  County  is  situated  somewhat  southwest 
of  the  center  of  the  embayment  area  of  western  Tennessee.  It  is 
roughly  quadrangular  in  shape,  its  northern  boundary,  however, 
being  quite  sinuous,  partly  because  a  portion  of  it  is  formed  by  South 
Fork  of  Forked  Deer  River.  Its  area  is  520  square  miles.  The 
surface  is  a  gently  undulating  plain  with  an  average  elevation  of 
about  325  feet.  Although  the  county  is  drained  into  the  Mississippi 
by  two  northwestward-flowing  streams — South  Fork  of  Forked  Deer 
River  on  the  northern  border  and  the  Hatchee  across  the  southern 
half — the  general  surface  does  not  slope  to  the  northwest,  but  instead 
falls  gently  north  or  south  toward  one  or  the  other  of  these  two 
streams.  The  divide  between  them  is  low  and  undulating  and  runs 
east  and  west,  passing  through  Brownsville.  Streani  cutting  is 
nowhere  deep,  for  the  stream  slopes,  and  consequently  stream  veloc- 
ities, are  uniformly  slight.  Another  consequence  of  the  absence  of 
abrupt  ravines  is  that  springs  are  rare  and  usually  weak  and  worthless. 

Geology, — The  entire  county  is  underlain  by  the  Lagrange  forma- 
tion, which  is  reached  in  wells  at  depths  rarely  greater  than  25  to  50 
feet,  but  which  seldom  are  exposed  in  natural  cuttings,  the  stream. 
IRR  164—06 (5 
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valleys  being  so  shallow.  Over  the  Lagrange  are  10  to  20  feet  of 
Lafayette  red  sand  or  sandy  clay,  covered  by  5  to  12  feet  of  light- 
colored  loam  that  westward  from  Brownsville  rapidly  assumes  a 
loess-like  character,  so  that  in  a  few  miles  it  might  very  properly  be 
i'.alled  loess. 

Water  resources, — Springs  are  few  and  weak,  and  as  «  source  of 
water  supply  are  practically  negligible.  During  dry  weather  they 
fail  entirely.  The  numerous  small  streams  that  flow  freely  during 
the  winter  also  go  dry  during  the  summer  and  autumn.  Artificial 
ponds  or  deep  wells  are  used  for  watering  stock.  The  domestic  sup- 
ply is  obtained  from  cisterns,  ordinary  wells,  and  deep  wells,  and  the 
latter  are  rapidly  coming  into  use  also  for  industrial  purposes.  Most 
of  the  deep  wells  are  of  about  2-inch  diajneter,  but  vary  considerably 
in  depth.  Perhaps  a  majority  are  between  80  and  150  feet  deep,  but 
some  go  225  or  250  feet.  The  difference  in  depth  is  partly  attributa- 
ble to  differences  in  surface  elevation,  those  on  hills  going  deeper 
than  those  on  lower  ground,  and  partly  to  differences  in  texture  of 
the  sands,  which  may  make  it  necessary  to  go  to  considerable  depths 
after  water  is  reached  before  sand  coarse  enough  to  be  checked  by  a 
strainer  is  found.  All  the  wells  are  in  Lagrange  sand  and,  except 
where  lignitic  beds  are  encountered,  furnish,  as  a  rule,  good,  soft 
water. 

At  Belle  Eagle  water  is  obtained  from  springs  and  ordinary  open 
wells,  some  of  which  reach  70  feet  in  depth. 

Brownsville,  on  the  divide  between  the  two  main  drainage  systems 
of  the  county,  has  an  elevation  of  344  feet.  Previous  to  the  intro- 
duction of  a  system  of  waterworks  private  wells  and  cisterns  furnished 
the  water  supj)ly.  Li  the  western  part  of  town  wells  averaging  30  or 
40  feet  in  depth  gave  good  water  and  were  exclusively  used.  In  the 
eastern  part  of  town  wells  are  80  feet  deep,  though  water  is  not 
always  obtained  at  that  depth  even,  and  the  water  is  of  only  fair 
(iuality  owing  to  mineral  matter  cojitained  in  it.  In  this  part  of 
town  cisterns  are  largely  used.  Since  tlu*  introduction  of  w^aterworks 
many  have  abandoned  their  wells  and  cisterns  and  use  the  town 
water.  This  is  obtained  from  two  wells  (>  and  S  inches  in  diameter, 
resj)ectively,  each  230  {vet  deep.  Tli(\v  were  originally  only  110  feet 
deej),  but  the  sand  at  that  depth  was  so  fine  that  it  entered  through 
ev^en  the  finest  strainer  slots  and  rapidly  cut  out  the  pump  valves.  By 
deepening  to  230  feet  coarser  sand  was  found.  The  water  is  raised 
by  air  lift  into  a  reservoir,  whence  it  is  forced  either  into  a  tank  that 
gives  a  service  pressure  of  45  ])()unds,  or  directly  into  the  mains  under 
about  three  times  this  pressure  for  lire  ])urposes.  By  the  air  lift 
500,000  gallons  j)er  day  can  be  j)umped.  The  average  daih^  con- 
sumption is  150,000  gallons.  There  are  two  pumps  for  forcing  into 
the  tank  or  mains  of  500,000-gallon  capacity  each.     The  water  is 
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very  good  for  general  purposes  and  for  boiler  use,  though  it  forms  a 
small  amoimt  of  hard  scale.  No  log  or  analysis  could  be  obtained. 
According  to  one  statement  it  rises  to  within  30  feet  of  the  surface; 
to  another,  47  J  feet.     The  latter  is  probably  the  more  accurate. 

The  electric  light  and  ice  company  has  a  well  130  feet  deep,  but  the 
water  foams  in  boilers  and  is  used  only  for  the  ammonia  condensers. 
Town  water  is  used  for  the  boilers. 

BlackwelFs  lumber  mill  has  a  2-inch  well  138  feet  deep  that  is  used 
for  supplying  the  boilers.  The  water  rises  to  within  45  or  50  feet  of 
the  surface.     The  log,  from  memory,  is  as  follows: 

Log  cf  well  at  BlacTcwdVs  lumber  miU,  BroumsviUe,  Tenn, 


Depth. 


Surface  sand  and  clay  (Lafayette  and  Columbia) 

Sand 

Clay,  blue,  tough 

Saiid,  coarse,  gray 


Feet, 


50 
64 
130 
138 


Chester's  Hardwood  Lumber  Company  has  a  3-inch  well  109  feet 
deep,  with  the  surface  of  the  water  at  the  same  level  as  in  the  Black- 
well  well.     Its  log  is  as  follows: 

Log  ofweO,  of  Chester's  Hardwood  Lumber  Company j  BroumsvUU,  Tenn, 


Depth. 


Soil 

Clay,  blue 

Sand,  with  some  clay 
Sand,  coarse « 


Feet, 


15 
85 
100 
100 


The  ground-water  level  is  about  45  feet  below  the  surface  in  these 
wells,  and  the  largest  element  of  uncertainty  and  the  one  on  which 
the  depth  of  the  well  in  any  given  case  here  or  elsewhere  in  town 
chiefly  depends  is  the  depth  to  sand  coarse  enough  to  be  kept  out  of 
the  strainers. 

At  Dancyville  there  are  no  springs  of  consequence.  Wells  are 
from  40  to  100  feet  deep.  Blue  mud  is  often  struck,  and  the  water 
from  it  is  poor,  but  when  it  can  be  obtained  in  the  sand  above  the 
blue  mud  it  is  of  better  quality.  Cisterns  are  largely  used.  Two 
miles  west  of  town  a  2-inch  well  was  sunk  through  sand  and  clay  60 
feet  into  a  water-bearing  sand  that  grew  coarser  to  the  bottom  at 
130  feet.     The  water  is  soft  and  is  raised  by  a  windmill. 

At  Eurekaton  there  are  no  springs  or  shallow  wells  except  along 
the  creek  or  river  bottoms.  Upland  wells  range  from  75  to  125  feet 
in  depth. 
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At  Forked  Doer  there  are  only  a  few  springs,  and  wells  40  or  50 
feet  deep  yield  very  hard  water.  Good,  soft  water  is  obtained  at 
depths  of  100  or  150  feet  in  sand  beneath  blue  clay.  The  log  of  Mr. 
J.  W.  Pearson's  well  is  as  follows: 

Log  of  Pearson  wtU^  Forked  Deer,  Tenn. 


Surface'  nand  and  clay  (looss?) 

Sand,  water  l)earing  (Lafayette) 

Clay,  blue 

Sand,  coarse,  water  l>earing,  entcre<l 


Thicknesa. 

DeptiL 

Feet. 

40 

5 

95 

10 

FetU 
« 
45 

1« 
150 

At  Ged  open  wells  are  chiefly  used  and  run  25  to  40  feet  deep, 
getting  water  from  about  the  base  of  the  Lafayette,  or  close  beneath 
it.  The  water  is  generally  soft,  though  in  some  wells  it  is  hard  owi^g 
to  the  loess-like  surface  loam.  A  number  of  2-inch  wells  have  been 
sunk  to  80  feet  in  sand  that  becomes  coarser  until  at  that  depth  a 
strainer  can  keep  it  out.  Half  a  mile  away  Mr.  Columbus  Hinkle 
has  on  high  ground  a  2-inch  well  247  feet  deep.  The  w^ater  is  soft, 
rises  to  within  60  feet  of  the  surface,  and  is  used  for  boiler  purposes. 
The  blue  clay  shown  by  the  log  is  found  over  much  of  the  county,  and 
has  in  many  places  just  above  it  a  bed  of  lignite  several  feet  thick. 
The  log  is  as  follows: 

Lofj  ofllinl'h  vtH,  Ooi,  Tenn. 

j  Thickness.       Depth. 

i  Feet,  Feet. 

(May  urul  »un<l.  varirpitiMl.  inlx«'<l 60  i  (TO 

iSainl.  llm'.  with  watrr '  18i  ;  TS± 

Lignit*' 4  ,  K2 

Clay,  Mil*'  (to -'40  U'ii  from  siirfaco) '  158±  '2¥)± 

Sa lid,  coarse,  gray,  wat«?r  lH«aring  (ix'iiet rated) i  7  I  247± 

Two  miles  east  of  (ied  a  well  bein^  driv(Mi  for  Mr.  Jim  Livingston 
had  the  followiiitr  hn^: 

JjHj  of  Liriui/sfon  ir<U  nnirdtd,  TtttJt. 


Surfaci'  saii«l  an<l  clay 

Sand *. 

SjukI.  (luick 

I'iKiiit*' 

(May.  \>\uo 

Saiuf,  Water  Ix'aring,  thin,  just  entering. 


Thickness.       IH'pth. 


Feet.  Feet. 

20  20 

30  I                   50 

20  70 

4  I                   74 

186  :                  2ii0 


At  Ilanley  there  are  no  springs.     Water  is  obtained  from  ordinar}" 
open  and  small  pipe  wells.     It  is  generally  good. 
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At  Harvey  there  are  a  few  small  springs  of  no  consequence.  The 
water  supply  is  from  ordinary  wells  averaging  65  to  70  feet  and  deep 
or  bored  wells  100  to  125  feet  deep.     Water  is  good  and  soft. 

At  Jones,  elevation  325  feet,  an  abundance  of  water  rises  nearly  to 
the  surface  from  a  depth  of  about  75  feet. 

At  Keeling  there  are  no  springs.  Wells,  either  open  or  small  pipe, 
furnish  soft  water  and  range  from  30  to  60  feet  in  depth.  In  one 
well  96  feet  deep  the  water  rises  within  46  feet  of  the  sjirface. 

At  Koho  there  are  numerous  springs  and  wells  averaging  in  low 
places  20  feet  deep. 

At  Rein,  elevation  364  feet,  water  is  obtained  from  dug  or  bored 
wells  that  range  from  25  to  100  feet  in  depth. 

Near  Rudolph,  in  the  edge  of  the  Forked  Deer  bottom,  a  2-inch 
well  for  the  Hatchie  Lumber  Company  passes  through  tough  alluvial 
clay  32  feet,  fine  sand  5  feet,  lignite  4  feet,  blue  clay  24  feet,  coarse 
sand  with  soft  water  5  feet. 

At  Stanton  Depot,  elevation  290  feet,  water  is  obtained  from  small 
pipe  wells  that  average  about  140  feet  in  depth.  The  town  ^ell 
has  the  following  log: 


Log  of  town  weU  at  Stanton  Depot ,  Tenn. 

Thickness. 

Depth. 

Surface  sand  and  clay. . . 

Feet. 

4 

96 

i 

Feet. 
40 

Sand 

44 

Clay,  bliio 

140 

Sand  rock,  soft 

1401 

When  the  8-inch  indurated  layer  had  been  j>enetrated  the  water 
rose  within  40  feet  of  the  surface.  No  lignite  was  obtained  in  this 
well,  but  in  the  others  less  than  a  mile  away  it  was  found.  A  well 
less  than  100  yards  from  the  town  well  found  no  blue  clay,  but  only 
sand  with  a  small  amount  of  clay.  A  dozen  or  more  of  these  small 
deep  wells  have  been  made  in  the  inunediate  neighborhood  and  they 
all  present  about  the  same  features. 

At  Tibbs  there  are  no  springs.  Wells  average  35  feet  in  depth  and 
perhaps  a  third  of  them  furnish  a  scant  supply  of  water. 

At  Wellwood  there  are  both  dug  and  bored  wells  that  vary  in  depth 
from  12  to  96  feet.  The  water  from  the  shallow  wells  is  inclined  to 
be  hard,  that  from  the  deeper  ones  soft. 

HENDERSQN    COUNTY. 

Topography. — Henderson  County  is  situated  near  the  eastern  mar- 
gin of  the  area  discussed  and  its  northern  boundary"  is  about  midway 
between  Kentucky  and  Mississippi.     The  area  is  515  square  miles^ 
The  divide  between  Tennessee   and  Mississippi  rivers  crossea  tM^ 
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county  from  north  to  south.  The  drainage  of  the  western  third  goes 
to  the  Mississippi  and  that  of  the  rest  to  Tennessee.  The  surface 
along  this  divide  reaches  an  elevation  of  about  600  feet  in  a  number 
of  places,  but  along  the  streams  it  is  considerably  lower.  The  aver- 
age elevation  is  about  500  feet.  The  lowest  point  in  the  county  is 
probably  where  Beech  River  crosses  the  eastern  boundary  at  an 
elevation  close  to  360  feet.  South  Fork  of  Forked  Deer  River,  how- 
ever, crosses  the  western  boundary  at  only  a  few  feet  higher,  and  the 
Big  Sandy  crosses  the  northern  boundary  at  slightly  less  than  400 
feet.  Big  Sandy  and  Beech  rivers  and  important  branches  of  Forked 
Deer  and  Obion  rivers  all  rise  in  the  county  and  flow  out  radially. 
With  their  tributaries  they  have  cut  much  of  the  surface  into  hills. 
Along  the  main  divide  and  in  much  of  the  eastern  slope  the  surface 
is  very  hilly.  The  streams  have  considerable  fall  and  so  have  rapid 
cm*rents  and  are  actively  eroding  the  surface. 

Geology. — The  formations  found  in  this  county  include  the  Eutaw, 
Selma,  Ripley,  Porters  Creek,  Lagrange,  and  Lafayette. 

The  western  edge  of  the  Eutaw  formation  extends  just  slightly 
into  the  eastern  part  of  the  county.  It  dips  to  the  west  and  passes 
beneath  the  other  formations  so  that  it  underlies  the  entire  county. 

The  Selma  clay  forms  a  belt  4  to  9  miles  wide,  extending  north  and 
south  immediately  west  of  the  Eutaw  outcrop.  Its  western  edge  is 
a  few  miles  east  of  Lexington.  The  leaden  and  darker  colored  clays 
and  marls  characteristic  of  this  formation  are  exposed  in  numerous 
railway  cuts  between  Warrens  Bluff  and  Darden. 

The  Ripley  sands  cross  the  center  of  the  county  from  north  to 
south  in  a  belt  6  to  10  miles  wide.  They  are  distinguishable  from 
the  overlying  Lafayette  sands  chiefly  by  their  lighter  color  and  their 
softer  nature.  Exposures  occur  in  the  deeper  stream  and  railway 
cuttings. 

A  belt  of  typical  leaden-gray  Porters  Creek  clay,  3  to  5  miles  wide, 
lies  next  west  of  the  Ripley,  and  is  siiccoodod  in  turn  by  the  Lagrange, 
while  over  all  the  Lafayette  is  spread,  as  usual,  in  a  thin  veneer. 

The  exact  thickness  of  no  one  of  these  formations  in  this  county  is 
known  exactly.  From  tlie  log  of  tlie  Lexington  well  (p.  88)  the 
Eutaw,  the  wSelma  clay,  and  perhaps  half  of  the  Ripley  have  an 
aggregate  thickness  of  500  feet,  of  wliich  the  u|)per  200  feet  are  prob- 
ably Ripley.  The  Porters  Creek  must  be  not  far  from  100  feet  tliick. 
The  Lafayette  probably  never  reaches  more  than  20  or  30  feet. 

Water  resources. — There  are  many  good  springs  among  the  hills 
that  flow  with  undiminislied  volume  the  year  round  and  feed  the 
numerous  streams,  so  that  during  summer  they  do  not  fail.  Water 
for  stock  is  obtainable  almost  everywhere,  and  some  of  the  streams 
have  fall  and  volume  enough  to  furnish  power  for  small  mills.  Where 
springs  are  not  convenient  for  domestic  purposes,  water  may  be 
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obtained  at  depths  of  50  feet  or  less  in  many  places,  and  only  in  rare 
cases  is  it  necessary  to  go  deeper  than  100  or  125  feet.  Water 
obtained  from  the  Eutaw,  Ripley,  or  Lagrange  sands  is,  as  a  rule,  good 
and  soft,  though  it  may  have,  especially  if  from  the  Eutaw,  some  iron 
or  iron  and  sulphur.  Water  from  either  the  Selma  or  the  Porters 
Creek  is  almost  certain  to  be  hard  and  of  deficient  quantity.  It 
may  in  addition  be  flat  and  insipid,  and  in  some  cases  is  foul  smelling 
and  entirely  unfit  for  use.  Neither  of  these  formations  is  very  thick 
in  this  county,  and  if  one  is  struck  before  a  supply  of  water  is  obtained 
it  should  be  bored  through — probably  less  than  100  feet  additional — 
and  the  underlying  sand  tested,  \yater  will  almost  certainly  be 
obtained  and  will  probably  be  of  good  quality  and  quantity.  Cis- 
terns are  used  to  some  extent  in  the  area  of  the  Selma  clay  and  the 
Porters  Creek  clay  and  in  other  areas,  where,  because  of  the  local 
elevation  the  depth  to  underground  water  is  inconveniently  great, 
say  75  or  100  feet  or  more. 

At  Atkins  wat^r  is  obtained  from  ordinary  wells  and  an  occasional 
spring. 

At  Crucifer,  in  the  Lagrange  area,  there  are  only  ordinary  wells 
that  range  from  20  to  85  feet  deep  according  to  elevation.  There  are 
a  few  springs. 

At  Darden,  elevation  392  feet,  near  the  western  edge  of  the  Eutaw 
sand,  some  bold  springs  in  low  places  flow  from  the  Eutaw,  but  the 
chief  supply  of  water  is  obtained  from  wells  that  range  from  15  to  75 
feet  in  depth.  The  water  in  the  deeper  wells  is  good  and  soft  and 
rises  somewhat  in  the  well. 

At  Dolen  weak  flows  are  obtained  from  pipe  wells  in  the  Selma 
clay — there  called  simply  '*  black  dirt^' — at  ordinary  depths.  The 
water  is  hard  and  in  some  wells  it  also  contains  alkali  or  alum. 
Small  pipe  wells  or  even  6  to  12  inch  bored  wells  should  be  sunk 
easily  through  the  Selma  clay  and  get  good  water  from  the  underlying 
Eutaw  sand. 

At  Farmville  there  are  a  few  springs  and  numerous  ordinary  dug 
and  bored  wells,  some  of  which  are  80  feet  deep.  The  water  is  soft, 
but  the  quantity  is  not  always  large. 

At  Hinson  Springs,  elevation  440  feet,  there  are  several  chalybeate 
springs  flowing  from  the  Ripley  sands,  that  are  discussed  on  page  — . 

At  Huron,  elevation  416  feet,  there  are  a  few  springs  and  cisterns 
and  wells  from  30  to  60  feet  deep  that  furnish  soft  water. 

At  Law,  in  the  Lagrange  sand  area,  wells  furnish  soft  water  from 
sand  under  pipe  clay  at  an  average  depth  of  50  or  60  feet,  the  range 
being  from  20  to  85  feet. 

Lexington,  in  the  Ripley  sand  area,  elevation  484  feet,  has  no 
system  of  waterworks,  but  depends  on  individual  wells  for  its  water 
supply.     These  wells  average  50  or  60  feet  in  depth.     Some  on  liigl 
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ground  are  80  feet  deep.     The  quality  of  the  water  is  good.     No 
cisterns  are  used. 

The  Nashville,  Chattanooga  and  St.  Louis  Railway  finished  in 
February,  1903,  a  well  700  feet  deep  that  has  not  been  a  success. 
The  driller  gave  the  following  log  from  memory: 

Log  ofxDfU  of  Nashville,  Chattanooga  and  St.  Louis  Railway,  Lexington,  Tenn. 


'  Thickness. 


I  Feet. 
Sand,  with  idieUs  of  soft  sand  ironstonnO  or  8  inches  thick  scattered  through  It, 

and  a  little  clay,  water  In  all  below  first  50  or^  fei«t  ( Lafayette  and  HipTey) . .  200 

Clay,  blue,  with  a  little  water-bearing  sand  and  gravel  at  the  bottom  (Selma 

and  Eutaw ) .100 

Limestone  purn,  no  chert  (penetrated) 200 


Depth. 
Feet. 


300 


500 
700 


At  700  feet  the  well  was  abandoned.  At  675  feet  water  was  struck 
that  rose  within  about  80  feet  of  the  surface,  but  the  quantity  was 
considered  insufficient.  The  writer  believes  that  with  proper  man- 
agement this  well  would  have  been  a  success  and  yielded  all  the  water 
needed  by  the  railway.  Either  of  two  parts  of  the  section  gone 
through  would  have  yielded  a  supply  of  water  that  would  have  risen 
within  75  or  100  feet  of  the  surface.  The  elevation  of  Lexington  and 
the  nearness  and  elevation  of  outcrops  of  these  two  water-bearing 
beds  to  the  east  are  such  that  there  was  no  chance  to  get  a  flowing 
well.  The  driller  was  not  familiar  with  drilling  in  soft  strata,  did 
not  know  how  coarse  sand  had  to  be  in  order  to  be  kept  out  by  a 
strainer,  and  so  passed  through  the  Ripley  sand  without  testing  it. 
When  the  basal  sand  and  conglomerate  ])ed  of  the  Eutaw  beneath 
the  blue  clay  was  reached,  it  was  found  to  be  ({uicksand,  and  although 
the  water  rose  probably  within  about  100  feet  of  the  surface,  sand 
also  ran  in  rapidly,  and  the  water  was  not  tested,  but  the  casing  was 
driven  down  to  the  limestone  below  in  order  to  shut  it  off.  When 
tliis  had  been  done  practically  all  hope  of  getting  a  successful  well 
had  vanished.  Had  the  conditions  of  drilling  in  sand  and  clay  been 
more  perfcM'tly  understood  tlie  well  very  pi'(>])al)ly  would  have  been 
finished  successfully,  either  in  the  Ripley  sand,  at  a  depth  of  200  feet 
or  less,  or,  at  the  farthest,  in  the  coarse  water-])earing  sand  and  cobbles 
at  the  base  of  the  Eutaw  at  500  fe(»t.  The  Ripley  water  would  have 
certainly  been  a  good  boiler  water,  and  very  probably  the  Eutaw 
water  would  have  been  good  also. 

At  Life,  eh^yation  520  feet,  there  are  some*  springs  near  the  streams. 
Wells  average  75  feet  in  depth,  but  some  go  to  100  or  120  feet.^ 

At  Long  there  are  a  number  of  ordinary'  wells  00  tt)  70  feet  deep 
that  yield  a  soft  water  of  ^mall  (juantity. 

At  McIIaney  water  is  obtained  from  springs  and  ordinary  wells, 
all  bein<^  freestone. 
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Middlefork  is  on  the  ridge  dividing  the  Mississippi  and  the  Tennes- 
see drainages.  It  is  in  the  Ripley  sand  area,  in  which  good  soft  water 
is  obtained,  but  the  wells  are  mostly  bored  and  have  an  average 
depth  of  120  to  140  feet.  In  lt)w  places  a  few  shallow  dug  wells  are 
in  use  and  good  springs  occur  along  the  streams. 

At  Pipkin  there  are  several  wells  from  10  to  40  feet  in  depth  and 
a  great  many  springs'. 

At  Reagan  poor  water  is  obtained  from  the  Selma  clay  by  shallow 
open  or  deeper  bored  wells.     Cisterns  are  largely  used. 

At  Safford  water  is  obtained  from  shallow  wells. 

At  Spellings  there  are  numerous  springs  and  shallow  wells. 

At  Whitefern  there  are  numerous  springs,  some  of  which  are 
chalybeate.  Wells  are  generally  used,  however,  for  domestic  supply. 
Water  of  good  quality  is  abundant  at  depths  of  18  to  30  feet. 

At  Wildersville,  elevation  476  feet,  in  the  Ripley  sand  area,  free- 
stone water  is  obtained  from  wells  that  average  about  50  feet  deep. 

HENRY    COUNTY.  ' 

Topography. — Henry  County  lies  on  the  eastern  edge  of  the  area 
discussed.  It  is  bounded  by  Kentucky  on  the  north  and  by  Big 
Sandy  and  Tennessee  rivers  on  the  east.  The  area  is  625  square 
miles.  The  Tennessee-Mississippi  divide  crosses  the  middle  of  the 
county  in  a  direction  somewhat  east  of  north.  The  surface  along 
this  divide  is  rough  and  broken.  On  the  east  it  has  a  relatively 
steep  slope  toward  Tennessee  and  Big  Sandy  rivers,  but  becomes 
somewhat  less  hiUy,  though  stream  activity  on  the  Tennessee  side 
is  more  marked  than  on  the  other  side.  West  of  the  divide  the 
general  surface  at  first  has  a  considerable  slope,  but  soon  flattens 
out  into  a  nearly  level  plain  that  stretches  westward  to  the  Mississippi 
bluffs.  The  greatest  elevation  is  slightly  more  than  600  feet,  along 
the  divide  in  the  northwestern  part  of  the  county.  The  least  eleva- 
tion is  about  300  or  305  feet,  at  the  point  where  Tennessee  River 
leaves  the  State.  The  average  elevation  of  the  county  is  about  500 
feet,  though  some  portions  depart  materially  from  tliis  average.  The 
drainage  of  the  eastern  slope  is  largely  to  the  Big  Sandy;  that  of 
the  western  into  the  headwaters  of  the  various  branches  of  the  Obion. 

Geology. — A  strip  a  few  miles  ynAe  along  Big  Sandy  and  Tennessee 
rivers  on  the  eastern  edge  of  the  county  belongs  to  the  Paleozoic 
area,  and  is  not  considered  here.  West  of  this  strip  the  county  is 
underlain  by  the  Ripley,  Porters  Creek,  Lagrange,  and  Lafayette 
formations. 

The  Ripley  sands  overlie  the  Paleozoic  limestones  in  a  belt  aver- 
aging 5  miles  in  width,  which  crosses  the  eastern  part  of  the  county 
from  north  to  south  and  dips  westward  beneath  the  Porters  Creek 
clay.     The  latter  formation  lies  next  west  of  the  Ripley  in  a  belt 
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about  3  or  4  miles  wide,  also  running  north  and  south.  Its  western 
edge  is  at  Paris,  where  it  may  be  seen  dipping  westward  and  passing 
under  the  Lagrange,  which  underhes  the  remaining  half  of  the  county 
and  has  its  usual  character.  Over  all  there  is  a  deposit  of  10  to  20 
feet  of  Lafayette,  chiefly  a  red  sand,  but  with  some  small  gravel  at  its 
base  in  places.  There  are  also  here  and  there  above  the  typical  Laf- 
ayette sand  a  few  feet  of  light-colored,  softer,  sandy  loam  that  may 
represent  the  Columbia. 

Water  resources. — In  the  Ripley  area  springs  are  numerous  and 
strong,  and  furnish  pure  water.  In  the  Lagrange  area  they  are 
of  the  same  character,  but  somewhat  less  numerous,  because  surface 
erosion  has  not  produced  as  great  diversity  of  relief  there  as  in  the 
Ripley  area.  In  the  Porters  Creek  clay  belt  they  are  scarce,  weak, 
and  poor  as  a  rule.  The  streams  are  numerous  and  usually  have  a 
permanent  flow.  Many  of  them  have  sufficient  volume  and  fall  to 
furnish  power  for  mills.  Underground  water  of  good  quality  is 
available  at  moderate  depths  anywhere  within  the  embayment  part 
of  the  county.  In  the  western  half  it  may  be  obtained  from  the 
Lagrange  sands  at  deptlis  rarely  exceeding  100  to  150  feet.  In  the 
Porters  Creek  clay  belt  or  just  west  of  it,  on  the  thin  eastern  edge 
of  the  Lagrange,  good  water  may  be  had  from  the  underlying  Ripley 
by  going  through  the  Porters  Creek,  as  lias  been  done  in  the  town 
wells  at  Paris.  In  such  wells  the  water  will  rise  part  way  to  the 
surface.  In  the  Porters  Creek  area,  where  the  surface  water  is  poor, 
and  in  elevated  parts  of  the  Lagrange  and  Ripley  areas,  where  the 
distance  to  underground  water  is  several  score  feet,  cisterns  are  much 
used. 

At  Buchanan  soft  water  is  obtained  from  tlie  Ripley  at  depths  of 
75  to  80  feet. 

At  Como,  in  the  Lagrange  area,  there  are  no  springs.  Dug  and 
small  bored  wells  are  used. 

At  Cottage  Grove,  in  the  Lagrange  area,  soft  water  is  struck  at 
deptlis  of  75  to  100  feet.     About  half  tlie  peoj)le  use  cisterns. 

At  Eastwood,  near  the  contact  between  the  Porters  Creek  clay 
and  the  Lagrange  sands,  there  are  some  springs  of  good  water,  but 
wells  drilled  SO  or  00  feet  deep  get  hard  iron  and  sulphur  water  from 
the  Porters  Creek  clay,  or  "soapstone."  They  should  be  drilled 
somewhat  deeper,  to  the  Ripley  sand. 

At  Freeland  the  Ripley  sand  is  the  surface  formation.  Soft  water 
is  obtained  from  springs  and  from  open  and  bored  wells  of  an  average 
depth  of  about  40  feet. 

At  Hastings,  in  the  Lagrange  area,  there  an*  springs  and  ordinary 
and  bored  wells  30  or  40  feet  in  depth.     Tlie  water  is  soft. 

At  Mansfield,  elevation  448  feet,  in  the  Ri})ley  area,  soft  water  is 
obtained  from  shallow  open  and  bored  wells. 
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At  Mountvista,  in  the  Ripley  area,  soft  water  is  struck  at  depths 
of  60  to  80  feet.     Wells  are  open  or  bored. 

At  Nobles  wells  are  from  40  to  70  feet  deep.  The  water  in  the 
shallower  wells  seems  to  be  hard  and  in  the  deeper  ones  soft.  No 
records  of  strata  encountered  were  obtained,  but  possibly  the  shallower 
are  in  the  Porters  Creek  clay  and  the  deeper  in  the  Ripley  sand. 

At  Osage  soft  water  is  obtained  from  the  Lagrange  sand  at  depths 
of  100  to  150  feet.     Cisterns  are  used  generally. 

At  Owens  Hill,  in  the  Ripley  area,  soft  water  is  obtained  at  a  depth 
of  16  feet  in  low  places  and  of  75  or  80  feet  on  the  upland  level. 

Paris,  elevation  at  Nashville,  Chattanooga  and  St.  Louis  depot  512 
feet,  at  Louisville  and  Nashville  depot  474  feet,  is  on  the  eastern 
edge  of  the  Lagrange.  The  Porters  Creek  clay  is  exposed  in  the 
deeper  cuttings.  There  are  a  few  cisterns  in  use,  and  ordinary  wells 
get  water  from  near  the  base  of  the  Lagrange  at  an  average  depth  of 
30  to  60  feet.  A  large  spring  near. town  is  reported  to  flow  300,000 
gallons  per  day.  The  city  waterworks  has  two  wells,  one  8  and  the 
other  6  inches  in  diameter,  each  376  feet  deep.  The  elevation  of 
the  well  heads  is  470  feet  and  water  stands  70  feet  below^  the  top. 
Water  is  raised  by  air  lift  into  a  surface  cistern,  from  which  it  is 
forced  into  a  steel  tank  of  70,000  gallons  capacity,  that  gives  a  service 
pressure  of  35  pounds.  For  fire  purposes  a  direct  pressure  of  100 
pounds,  or  more  if  necessary,  is  used.  The  capacity  of  the  pumps  is 
500,000  gallons  per  day;  the  average  daily  consumption,  150,000 
gallons.  The  water  is  perfectly  clear,  and  is  good  for  all  purposes. 
After  standing,  a  slight  red  ferruginous  deposit  forms  and  discolors 
vessels.  The  following  analysis  was  reported  by  the  St.  Louis 
Sampling  and  Testing  Works  May  14,  1902: 

Analysis  of  water  from  vjeU  at  city  uxiterworks,  Paris,  Term. 

Parts  per 
million. 

SUicaCSiOj) 3.6 

Oxides  of  aluminum  and  iron  {Aljd^-^-Yejd^ 9. 2 

Calcium  (Ca) 5. 7 

Magnesium  (Mg) 3.  4 

Sodium  (Na) 1.5 

Carbonate  radicle  {iX>^) 9. 6 

Sulphate  radicle  (SOJ 8. 9 

Chlorine  (CI) 4.4 

46.3 

Volatile  solids 14. 4 

Fixed  solids 44.0 

Total  solids 58. 4 


At  Peryear,  elevation  612  feet,  in  the  Lagrange  sand  area,^ 
water  is  obtained  at  depths  of  100  or  115  feet. 


r 
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Routon,  elevation  575  feet,  is  in  the  Lagrange  area.  Small  bored 
wells  are  commonly  used,  ranging  from  60  to  90  feet  in  depth,  and 
furnishing  a  moderate  amount  of  soft  water  of  fine  quality. 

At  Vandyck.  elevation  416  feet,  on  the  eastern  edge  of  the  Porters 
Creek  clay,  wells  average  about  40  feet  in  depth.  One,  87  feet  deep, 
is  a  l)lowing  well  whenever  the  weather  is  changing.  The  springs  are 
described  as  being  weak  and  impregnated  with  sulphur,  iron,  and 
alum.     They  very  probably  flow  from  the  Porters  Creek  formation. 

LAKE    COUNTY. 

Topography. — Lake  County  is  situated  in  the  northwest  comer  of 
Tennessee.  It  lies  between  Reelfoot  Lake  on  the  east  and  Mississippi 
River  on  the  west.  Its  length,  north  and  south,  is  about  35  miles. 
Its  width,  east  and  west,  varies  from  3  to  12  miles.  It  is  one  of  the 
smallest  counties  in  the  State,  the  area  being  128  square  miles.  The 
entire  county  is  situated  in  the  alluvial  region  of  the  Mississippi  and 
the  surface  is  very  level,  with  neither  hills  nor  ravines.  The  county 
is  so  low  that  about  two-fifths  of  the  surface  is  overflowed  at  high 
water.  The  average  elevation  is  about  300  feet.  The  general  surface 
slope  is  southward,  in  conformity  with  the  river  slope,  the  elevation 
being  about  315  feet  on  the  northern  line  and  290  on  the  southern. 

Geology. — The  surface  formation  is  everywhere  the  alluvium  of  the 
Mississippi  flood  plain.  The  geologic  relation  and  age  of  this  alluvium 
have  been  discussed  somewhat  fully  on  page  48,  and  need  not  be 
treated  here.  From  the  records  of  the  few  borings  that  have  pene- 
trated the  alluvium,  it  would  seem  to  be  from  100  to  150  feet  deep. 
Beneath  it  lies  the  Lagrange,  but  so  far  as  known  it  has  not  been 
explored  by  deep  borings  in  this  county. 

^Vater  resources. — There  are  no  streams  in  the  count}^  except  the 
sloughs  from  the  river  or  Keelfoot  Lake.  Ponds  are  easily  made  for 
watering  stock,  and  cisterns  and  shallow  wells  are  used  for  domestic 
supply.  The  well  water  is  of  the  usual  unsatisfactory  alluvial-region 
type,  and  is  ()l)tained  at  depths  of  20  to  85  feet. 

At  llatliawav  water  is  obtained  from  Mississippi  River  and  from 
wells  tliat  average  85  feet  in  depth.  The  water  in  the  w^ells  rises 
and  falls  with  the  river. 

At  Keefe  shallow  puni])e(l  wells  are  used. 

At  Madie  hard  water  is  obtained  from  oj^en  and  pumped  wells  that 
average  25  or  'M)  feet  in  depth. 

At  Ridgelev  water  is  ol)taine(l  by  pumping  from  driven  wells  about 
25  feet  in  depth.  The  water  is  hard,  and  contains  iron  sulphate  or 
co})peras. 

LAX  DKKDALK    (  C)l  NTY. 

Topograpliy.-  Lauderdale  County  is  hounded  by  Mississippi  River 
on  the  west  and  lies  midway  between  the  northern  and  southern 
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boundaries  of  Tennessee.  Its  area  is  460  square  miles.  The  western 
half  of  the  county  and  a  narrow  area  along  Hatehee  River  on  the 
southern  boundary  belong  to  the  alluvial  plain  of  the  Mississippi  and 
its  tributaries,  and  so  are  low  and  level,  in  part  swampy.  The 
remainder  of  the  county  rises  from  the  flood-plain  level,  usually  by 
abrupt  bluffs,  to  a  general  elevation  of  about  350  feet.  The  edges  of 
the  upland  or  plateau  surface  adjacent  to  the  alluvial  region  are 
deeply  cut  by  streams,  and  the  resulting  hills  are  steep  and  bold. 
Elsewhere  the  plateau  surfac-e  is  level  or  gently  rolling.  Along  the 
principal  streams  a  second  bottom  or  terrace  is  usually  developed, 
rising  10  to  20  feet  above  the  present  flood  plain,  and  reaching  in 
places  a  width  of  several  miles.  The  drainage  all  passes  through  the 
Forked  Deer  and  the  Ilatchee  to  the  Mississippi. 

Geology. — The  formations  represented  in  the  county  are  the  La- 
grange, Lafayette,  loess,  and  alluvium. 

The  Lagrange  is  rarely  exposed  except  along  the  lower  parts  of  the 
steep  bluffs  and  in  occasional  deep  railway  cuts,  as  at  Ripley  (see 
p.  43)  and  Curve.  The  section  in  the  long,  deep  cut  just  south  of  the 
station  at  Curve  shows  at  the  base  15  to  18  feet  of  a  dark-blue  lignitic 
clay  bedded  in  very  thin  layers  and  somewhat  sandy.  Over  it  lie 
6  to  9  feet  of  a  yellow  to  rusty-yellow  purer  clay,  also  lignitic,  covered 
by  25  feet  of  Lafayette  sand  and  gravel.  The  gravel  is  well  rounded 
chert  and  vein  quartz,  averaging  1  inch  or  less  in  diameter,  but  with 
occasional  pebbles  reaching  2  or  3  inches.  The  gravel  is  in  irregular 
streaks  throughout  the  formation  and  composes  about  20  per  cent  of 
it.  The  sand  is  coarse  and  red  and  is  case-hardened,  so  that  it  stands 
with  vertical  faces.  Over  it  is  a  variable  layer  of  soft,  light-colored 
sand  and  gravel  up  to  3  feet  thick.  This  grades  up  into  25  feet  of 
loess,  which  seems  hardly  separable  into  a  lower  and  an  upper 
division,  though  the  lower  5  or  6  feet  are  darker  than  the  remainder. 
Beneath  the  dark  Lagrange  clay  in  the  bottom  of  the  cut  is  a  quick- 
sand, on  which  the  track  rests,  and  which  is  a  perpetual  source  of 
trouble  and  expense  to  the  railway.  A  view  of  the  section  in  the 
cut  is  given  in  PI.  IV,  A^  p.  44. 

The  Lafayette  in  Lauderdale  Coimty  is  a  coarse  sand,  with  a  con- 
siderable proportion  of  pebbles  as  a  result  of  the  nearness  of  Missis- 
sippi River.  It  overlies  the  Lagrange  everywhere  except  in  the  allu- 
vial region,  where  it  has  been  removed  by  stream  erosion.  It  is 
exposed  in  only  a  few  places,  being,  as  a  rule,  overlain  and  concealed 
by  the  loess,  whicli  varies  from  1  foot  to  several  score  feet  in  thickness. 
The  loess  mantles  the  uplands  and  seems  to  extend  down  over  the 
second  bottoms  along  the  main  streams,  though  the  observations  of 
the  writer  were  not  full  enough  to  settle  this  last  point  definitely. 

Wdter  resources. — There  are  many  streams  in  the  county,  so  that 
it  is  generally  well  watered.     For  domestic  purposes  cisterns  havi 
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long  been  widely  used,  because  of  the  hardness  of  the  water  from 
shallow  wells,  which  almost  invariably  stop  in  the  lower  part  of  the 
loess.  Such  wells  are,  however,  used  in  many  places  despite  the 
hardness  of  the  water.  Water  that  is  generally,  though  not  invari- 
ably, soft  and  good  may  be  had  usually  at  depths  of  100  to  300  feet, 
the  depth  varying  chiefly  with  the  texture  of  the  sand,  though  in 
some  cases  it  is  determined  by  the  occurrence  of  sandy  clay  beds, 
which  in  this  region  are  generally  lignitic  and  furnish  a  poor  quality 
and  small  quantity  of  water.  The  wells  may  go  down  several  hun- 
dred feet  in  exceptional  instances,  as  at  Ripley,  for  example.  At 
the  foot  of  the  steeper  bluffs  springs  occur,  but  the  water  is  usually 
hard  and  has  an  unpalatable  taste,  commonly  described  as  ''sweet." 

The  shallow  water  in  the  alluvial  region  is  always  poor,  and  brick 
cisterns  are  diflBcult  to  keep  from  cracking  because  of  the  soft,  yield- 
ing nature  of  the  alluvial  deposits.  It  would  seem  that  in  this -region 
cisterns  should  be  built  of  cypress,  but  so  far  as  known  this  wood  has 
never  been  used  for  that  purpose. 

At  Arp  water  is  obtained  from  springs  at  the  foot  of  the  hills  and 
from  dug  and  bored  wells  20  to  30  feet  deep.  The  hills  rise  perhaps 
75  feet  high  and  on  the  top  of  one  a  well  was  bored  208  feet  and  aban- 
doned without  getting  water.  Some  water  was  found  in  the  base 
of  the  Lafayette,  but  the  quantity  was  thought  insufficient.  The 
following  is  the  log: 

Laxj  of  wtU  at  Arp,  Tenn. 


I 

I  Thicknc?«s. .      Depth. 


Feet.  Feet. 

Yollow  clay  (lot'ss) '                50  50 

Sand  and  gravol  (Lafayette) |                34  |  j»4 

Blue,  sandy  loam  an<l  stn'aks  of  ligniU' 66  150 

Blue  sandy  clay  (ix>netraled) I                58  j  3tti 


At  Ashport,  on  the  Mississippi,  a  num])er  of  small  tubular  wells 
about  50  feet  deep  yield  hard  water.  They  <;o  through  about  8 
feet  of  surface  loam  into  sand  mixed  with  some  <i^ravel,  which  soon 
becomes  water  bearing.  At  30  feet  from  the  surface  this  gives  place 
to  a  coarse  blue  sand  that  niiis  to  52  feet  and  is  underlain  by  gravel, 
whicli  was  not  explored. 

At  Bexar  a  well  drilled  135  feet  deep  <i:ot  a  tj^ood  supply  of  water 
that  rose  about  15  feet  in  the  pipe.     The  log  was  a.s  follows: 
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Log  ofwdl  at  Bexar  ^  Tenn. 
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i  Thickncsa. '     Depth. 


I  Feet 

Yellow  clay  (loess) ^ 35 

Sand  and  gravel  (Lafayette) \  4 

Sand,  white,  coarse,  with  a  little  gravel 12 

Gravel I  8 

Sand,  white,  with  a  number  of  3  or  4  foot  layers  of  gravel  in  it i  42 

Sand,  water  bearing,  but  without  pressure '  19 

Gravel I  10 

Clay,  blue I  \ 

Sand,  white,  with  water,  which  rises  about  15  feet 4 

Clay j  Streak. 

Gravel  (not  explored). 


Feet. 


35 
39 
51 
59 
101 
120 
130 
130| 
134{ 


At  Double  Bridges  both  wells  and  cisterns  are  used.  Wells  vary 
from  20  to  100  feet  deep  and  many  of  them  are  bored.  Quicksand 
occasionally  interferes  with  borings.  The  quality  of  the  water  is 
usually  fair  to  good. 

At  Dry  Hill  cisterns  are  generally  used.  Wells  on  the  hills  obtain 
soft  water  at  depths  of  100  feet  or  more. 

At  Edith,  on  the  edge  of  the  bluff  overlooking  the  Mississippi  flood 
plain,  cisterns  are  used  almost  exclusively.  Water  from  shallow 
wells  is  hard  and  sweet.  It  is  also  found  at  about  150  feet,  and 
there  are  three  deep  wells  2  or  3  inches  in  diameter  and  165  feet 
deep.  Two  are  at  mills,  and  are  pumped  by  steam.  The  other  is 
pumped  by  hand.  They  furnish  an  abundant  supply  of  water,  said 
to  be  alkaline  and  to  have  a  diuretic  effect.     The  log  is  as  follows: 

Log  of  deep  wells  at  Edith,  Tenn. 


Yellow  clay  (loess) 

Sand  and  gravel,  rod.  In  alternate  layers  each  3  to  4  f(vt  thick  ( I^fayette). 

Sand  in  yellow  and  white  streaks,  dry 

Sand,  same,  water  bearing 


Thickness. 

Depth. 

Feet. 
80 
20 
50 
15 

Feet. 

80 
100 
150 
165 

At  Fulton  cisterns  are  used  almost  entirely.  There  are  one  or  two 
wells  about  75  feet  deep,  but  the  water  is  hard. 

At  Gates,  elevation  321  feet,  water  is  obtained  from  both  cisterns 
and  shallow  wells  that  average  30  to  45  feet  in  depth  and  furnish 
hard  water.     A  well  drilled  114  feet  gave  the  following  log: 

Log  of  deep  well  at  Gates,  Tenn. 


Soil 

Blue  mud 

Clav  blue,  stiff 

Sand  and  gravel 

Blue  mud 

Sand,  with  water  rising  within  30  foet  of  tho  surfacv I 


Thic-kiu'ss. 

Depth. 

Ffft. 

Ft  ft. 

8 

8 

ir. 

23 

15 

38 

10 

48 

52 

100 

14 

n4 
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At  Gliinp  water  is  obtained  from  cisterns  and  common  wells  25 
to  50  feet  deep. 

At  Ilalespoint,  on  the  Mississippi  flood  plain,  there  are  only  shallow 
wells  that  yield  the  usual  poor  flood-plain  water. 

At  Halls,  elevation  312  feet,  water  is  obtained  from  cisterns  and 
from  a  few  wells  drilled  to  about  160  feet,  where  a  wat«r- bearing 
sand  is  found.  There  is  pressure  enough  to  raise  the  water  within 
30  feet  of  the  surface. 

At  Henning,  elevation  292  feet,  hard  water  is  obtained  from  dug 
wells  that  average  about  40  feet  deep. 

At  Mack  water  is  stnick  at  depths  of  about  20  feet  and  80  or  90 
feet.  Water  from  the  latter  depth  rises  about  25  feet.  All  of  the 
water  is  hard,  and  that  from  the  deeper  wells  contains  some  iron. 

At  Ripley,  elevation  390  feet,  tliere  were  formerly  many  weUs  that 
averaged  about  85  feet  deep,  some  of  which  gave  soft  water^  while 
others  gave  hard.  Cisterns  have  since  been  almost  entirely  substi- 
tuted for  them.  Around  the  foot  of  the  bluffs  near  town  are  numer- 
ous springs,  most  of  which  yield  hard  water.  The  town  system  of 
waterw^orks  is  supplied  by  three  wells  about  10  feet  apart,  two  being 
6-inch,  the  other  4-inch,  and  each  being  100  feet  deep.  The  water 
is  hard  and  produces  a  hard  scale  when  used  in  boilers.  It  stands 
at  65  feet  from  the  surface,  and  the  wells  yield  150,000  gallons  a  day. 

At  Tams  Landing,  on  Mississippi  River,  a  mile  below  Halespoint, 
there  are  alternating  beds  of  sand  and  gravel  that  have  been  explored 
to  a  deptli  of  84  feet.     Hard  water  is  struck  at  21  feet. 

MADISON    COINTY. 

Topography. — iladison  County  lies  just  south  of  tlie  center  of  the 
end)aymcnt  area  of  Tennessee  and  has  an  area  of  545  sc^uare  miles. 
The  county  belongs  to  the  Mississippi  drainage  basin  and  so  slopes 
slightly  to  tlie  west  or  northwest.  Tin*  snrfac<»  in  the  eastern,  south- 
eastern, and  southern  parts  of  the  county  is  considerably  broken. 
The  central  })art  of  the  county  is  rolling,  and  the  western,  northwest- 
ern, and  northern  parts  are  more  nearly  lev(»l.  On  the  ridges  between 
the  main  streams  the  surface  rises  to  an  elevation  of  about  500  feet 
and,  wliile  there  is  considerable  <lifrer(»nce  in  relief  between  various 
])arts  of  the  county,  the  average  elevation  is  about  450  feet.  The 
highest  points  are  in  the  southcMistern  part  of  the  county  and  are 
between  500  and  550  feet.  The  lowest  point  is  about  315  feet,  where 
South  Fork  of  Forked  Deer  River  leaves  the  county. 

(rfohnjy.  -The  formations  of  the  county  are  the  Porters  Creek,  the 
Lagrange,  and  the  Lafayette. 

The  Porters  (-reek  clay  occurs  along  the  southeastern  edge  of  the 
county,  south  of  the  point  where  the  Xashville,  Chattanooga  and  St. 
Louis  Railway  enters  it.     This  clay  outcrops  in  a  belt  from  4  to  6 
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miles  wide,  of  which  only  the  western  half  lies  within  the  county. 
The  Lagrange  succeeds  it  to  the  west  and  underlies  all  the  rest  of  the 
county,  but  is  largely  concealed  by  the  red  or  orange  sands  of  the 
Lafayette,  which  averages  about  20  feet  in  thickness  and  forms  the 
surface  except  where  removed  by  stream  erosion. 

Water  resaurces. — The  streams  of  the  county  are  numerous  and  the 
longer  ones  flow  perennially.  Many  of  the  smaller  streams  become 
very  low  and  sluggish  or  go  dry  altogether  during  late  summer  and 
fall.  In  localities  where  streams  fail  ponds  are  provided  for  watering 
stock.  Springs  occur  along  the  foot  of  the  hills  and  are  used  to  some 
extent,  but  the  principal  water  supply  comes  from  wells  in  the  base  of 
the  Lafayette  or  the  top  of  the  Lagrange  sands.  This  water  is  free- 
stone, but  in  the  small  Porters  Creek  area  in  the  southeastern  part  of 
the  county  the  water  is  poor  and  hard  when  the  well  is  made  in  the 
dark  clay  of  this  formation.  Water  of  good  quality  and  quantity 
should  be  obtained  in  deep  wells  anywhere  in  the  county.  In  the 
western  part  it  woidd  come  from  the  Lagrange  sands.  In  the  eastern 
part,  within  the  Lagrange  area,  it  might  still  in  many  places  be  obtained 
from  the  base  of  the  Lagrange  at  depths  of  100  to  150  feet,  or  from  the 
Ripley  sands  beneath  the  Porters  Creek  clay  at  depths  of  150  to  200 
feet  additional.  It  seems  most  probable  that  the  deep  well  at  Jack- 
son (see  p.  98;  also  PI.  V)  ends  in  the  Ripley  sand.  Such  an  inter- 
pretation would  make  the  Ripley  include  in  the  Jackscm  section  a 
clay  bed  containing  shark's  teeth,  but  this  formation  is  nowhere  in 
surface  exposure  in  Tennessee  known  to  contain  such  a  bed.  Marine 
fossils  occur  in  it  in  Mississippi,  however,  only  a  short  distance  south 
of  the  Tennessee  line.  One  alternative  supposition,  that  the  72  feet  of 
fossiliferous  dark  lead-colored  clay  is  Porters  Creek,  gives  that  forma- 
tion an  abnormal  thickness  of  288  feet.  The  other  alternative  suppo- 
sition, that  this  bed  represents  the  Selma  clay,  makes  that  formatitm 
only  72  feet  thick  and  the  Ripley  sand  above  it  only  41  feet  thick — 
both  of  which  would  be  abnormally  thin,  the  Ripley  especially  so.*» 

At  Andrews  Chapel  water  is  obtained  from  wells  that  run  usually 
from  50  to  60  feet  deep,  but  are  exceptionally  100  feet  deep. 

At  Beechblulf,  elevation  396  feet,  water  is  obtained  from  springs 
and  from  wells  of  20  or  30  feet  depth.  Much  of  the  water  contains 
iron  and  sulphur. 

At  Carroll,  elevation  369  feet,  wells  average  18  to  40  feet  deep;  in 

-.  .        _  .  _        _  ._       -  ^ 

a  Since  the  alwvc  was  put  in  typ*^  tin*  writor  has  had  an  opportunity  to  oxumino  a  partial  set  of 
boringa  from  the  Jackson  deep  well  and  also  soino  notes  made  while  drilling  was  in  ]>roKn»Hs.  From 
these  it  seems  that  the  base  of  the  Lagrange  is  nt  157  feet  depth:  the  Porters  Cn>ek  extends  from  l.'i7 
to  3.V>feet;  the  Ripley  sand  from  33.').  prol>ft»)ly  to  4(V'».  feet;  the  Sclma  clay  probiibly  from  4l\'>  to  499i 
feet,  and  the  Eutaw  from  there  down.  Then'  is  some  uneertuinty  as  to  the  upper  and  lower  limits 
of  the  Selma  clay,  but  the  section  from  iOii  to  438  feet  seems  without  doul)t  to  l>elong  to  it.  Tliis  will 
modify  and  explain  somewhat  the  section  of  this  well  given  on  page  98.  The  well  shows  an  electric' 
current  of  about  half  a  volt. 

IKR  164—0(5 7 
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the  surrounding  country  they  are  from  40  to  150  feet  deep.  The 
water  is  soft.     In  some  cases  the  (juantity  is  reported  as  insufficient. 

At  Catalpa  there  are  some  springs  and  good  water  is  obtained  from 
wells  that  range  from  20  to  60  feet  in  depth. 

At  Claybrook  soft  water  is  procured  from  wells  that  average  60 
feet  in  depth. 

At  Ilatchie,  elevation  328  feet,  soft  water  is  obtained  from  pumps 
and  open  wells  ranging  from  15  to  40  feet  in  depth. 

At  Jackson  the  elevation  of  the  ground  at  the  crossing  of  the  Illinois 
Central  and  the  Mobile  and  Ohio  railroads  is  reported  to  be  425  feet, 
of  the  mark  at  the  Federal  building  394  feet,  and  of  the  Nashville, 
Chattanooga  and  St.  Louis  depot  340  feet,  though  this  last  figure 
would  seem  to  be  too  low.  Water  is  obtained  in  shallow  wells  at  a 
depth  of  30  to  50  feet,  depending  on  the  surface  elevation.  A  battery 
of  22  wells  of  the  city  water  company  drew  1,000,000  gallons  daily  at 
a  depth  of  40  feet,  while  another  group  of  18  of  these  wells  now  yields 
about  2,500,000  gallons  daily  from  a  second  water-bearing  sand  at  a 
depth  of  about  100  feet.  The  pores  of  the  sand  become  clogged  after 
a  time  and  are  flushed  out  by  forcing  a  current  backward  into  it. 
The  shallower  wells  yield  water  that  forms  a  coating  of  oxide  of  iron 
in  the  pipes.  The  water  from  the  deep  well  already  mentioned  dis- 
solves and  loosens  up  this  deposit  so  that  it  comes  out  in  small  parti- 
cles and  makes  the  water  for  the  moment  a  blood-red  color.  The 
deep- well  water  on  standing  some  hours  gives  off  CO,  and  becomes 
opalescent  while  a  floeculent  precipitate  of  iron  is  forming.  This 
iron  soon  settles  and  leaves  tlie  water  once  more  clear.  The  wells  in 
the  water-bearing  stratum  at  00  to  100  feet  below  the  surface  have  a 
galvanic  current  of  one-fourth  to  one-half  volt,  due  probably  to  the 
corrosion  of  the  copper  in  the  strainer  l)v  the  sulphuric  acid  resulting 
from  the  decomposition  of  the  iron  pyrite.  Lead  pipes,  if  grounded 
by  a  copper  wire,  are  eaten  up  by  electrolysis  in  about  eighteen 
months.     The  log  of  the  deep  well  is  as  follows: 

Ij){f  ofdnp  }rtU  oi  Jackson,  Ttnn.o 


Thickness. 


Feet. 

Cluv.  sandv,  reel  (Lnf.ivcttc ' 12 

riay.  t oiiph.  Idiic 16 

Saii<i.  coarso  white j  12 

Clay,  snow  whito.  vi-ry  toii^h 6 

Saii'l.  iK-arly  pure  white,  some  small  gravt'l  an»l  thin  ironstom-  crusts,  water 

hearing  at  has.- 60 

Clay,  at  toj)  hght  culoretl.  lower  j)art  variepat«Ml  re<l.  yollow.  etc 43 

Sandstone,  dark  l»rick-re<l.  soft  (has<'  of  Lagrange  i ..." 11 

(May.  tine.  Iradcn-coh.n'd  ( I'orters  Cn^-k.) 170 

K<K"k.  dark,  hard  iliniestone?)  (Unst^  of  Porters  ('reek» 5 

Sand,  whit"',  with  water 13 

Quicksand,  white,  v.-rv  micaceous 28 

Stiales.  ilark  leaden-<'olored.  witli  hard  stn'aks  of  micaceous  sandy  material. 

lignite  fragments,  and  iron  pyrite.     At  about  4IS  feet  .^^hark's  teeth 72 

Sand,  wtiite,  water  U>aring .' 77 

Hard  material  ;,not  enten'd). 


Depth. 


Feet. 
12 

28 
« 
46 

106 
1« 
160 
330 
33S 
3« 
376 

4« 

585 


<«  See,  however,  ioo\\\o\o  on  pvvv;v>  *>"  . 
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At  Leighton  water  is  obtained  from  ordinary  wells  and  from  a 
2-inch  driven  well  that  penetrated  coarse  sand  to  a  depth  of  75  feet, 
where  the  underground-water  level  was  reached.  The  sand  grew 
coarser  to  120  fe«t,  at  w^hich  depth  the  well  was  finished. 

At  Malesus,  elevation  453  feet,  water  is  obtained  from  wells  that 
average  about  60  feet  in  depth,  but  range  from  40  to  100  feet. 

At  Mercer,  elevation  344  feet,  water  is  obtained  from  a  creek,  from 
springs,  and  from  wells  ranging  from  25  to  100  feet  in  depth,  with  an 
average  of  40  feet. 

At  Neelys,  elevation  504  feet,  water  is  obtained  at  depths  that 
range  from  60  to  150  feet,  the  deeper  wells  being  much  more  reliable. 
Pools  are  used  for  stock  w^ater. 

At  Norwood,  elevation  448  feet,  water  is  obtained  at  depths  of 
about  80  to  100  feet.     Pools  are  used  for  watering  stock. 

At  Rollins  bored  wells  about  100  feet  deep  are  generally  used. 

At  Springcreek  there  are  small  tubular  and  bored  wells  that  range 
from  70  to  100  feet  in  depth. 

m'nairy  county. 

Topography, — McNairy  County  is  situated  in  the  southeastern  part 
of  the  embayment  area  in  Tennessee.  Its  eastern  edge  almost 
reaches  the  Paleozoic  rocks.  It«  southern  boundary  forms  part  of 
the  Tennessee-Mississippi  line.  The  area  is  570  square  miles.  The 
eastern  half  of  the  county  is  crossed  from  north  to  south  by  the 
divide  between  Tennessee  and  Mississippi  rivers,  so  that  two-thirds 
of  the  county  slopes  westward  and  one-third  eastward.  The  lowest 
point  in  this  dividing  ridg^  is  at  the  head  of  Lick  Creek,  on  the 
southern  edge  of  the  county,  where  the  elevation  is  520  feet.  Just 
northeast  of  Purdy  the  ridge  is  about  600  feet  high.  The  lowest 
point  in  the  county  is  at  about  345  or  350  feet  elevation,  where  Rose 
Creek  crosses  its  western  boundary.  The  plateau  surface  of  the 
county  averages  between  450  and  500  feet  in  height.  The  main 
divide  north  of  Purdy  is  hilly.  The  eastern  and  southeastern  parts 
are  more  nearly  level.  The  southwestern  and  western  parts,  near 
the  Hatchee  and  its  tributaries,  are  broken  and  hilly. 

Geology. — The  formations  of  the  county  are  the  Eutaw,  the  Selma, 
the  Ripley,  the  Porters  Creek,  and  the  Lafayette. 

The  Eutaw  sand  is  found  at  the  surface  only  in  a  small  area  in  the 
southeast  comer  of  the  county,  but  as  it  dips  westward  it  underlies 
all  the  other  formations. 

The  Selma  clay  has  a  greater  development,  both  in  area  and  in 
thickness,  in  this  county  than  elsowhere  in  Tennessee.  The  thick- 
ness varies  from  350  feet  in  the  southern  part  of  the  county  to  about 
300  feet  in  the  northern  ])art.  The  width  of  the  belt  decreases  from 
about  10  miles  in  the  southern  part  to  5  miles  in  the  northotw^'^x^o. 
Over  much  of  this  belt  the  Lafayette,  \v\\ic\\  owce  cox^^t^^A^W  ^YsJCvtv^  ^ 
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has  been  removed  by  erosion,  leaving  the  bare  leaden-colored  claj 
greensand,  and  fossil  shells  exposed  at  the  surface  in  areas  many  o 
which  are  of  considerable  extent. 

The  next  formation  to  the  west  is  the  Ripley.  It  occupies  all  o 
the  county  west  of  the  Selma  clay  belt  except  a  few  square  miles  o 
Porters  Creek  clay  in  the  extreme  northwest  comer.  The  Riple] 
forms  a  prominent  ridge  that  enters  the  State  from  Mississippi  an( 
extends  a  number  of  miles  northward  before  it  dies  down  and  merge 
with  the  general  plateau  surface.  A  discussion  of  the  origin  of  thii 
ridge,  as  well  as  the  section  at  the  point  where  it  is  cut  through  by  tb 
Southern  Railway  in  the  '^big  cuf  just  west  of  Cypress,  are  givei 
on  page  29. 

Water  resources. — Numerous  springs  from  the  sands  of  the  Eutav 
and  the  Ripley  flow  the  year  round  and  feed  streams  that  watei 
every  part  of  the  county.  From  the  high  divide  northeast  of  Purdi 
streams  flow  radially  in  almost  all  directions.  Water  from  tb 
Eutaw  and  Ripley,  whether  obtained  by  springs  or  by  wells,  is  sof 
and  generally  free  or  almost  free  from  iron  and  sulphur.  Wate; 
from  the  dark  clays  of  the  Selma  and  Porters  Creek  is  generally  poor 
For  years  it  has  been  the  custom  in  the  Selma  area  to  bore  6  or  \ 
inch  wells  200  to  300  feet  through  the  clay  into  the  underlyin* 
Eutaw  sand,  the  water  in  which  rises  in  many  cases  nearly  to  th< 
surface.  In  some  places  in  these  areas  of  poor  water  cisterns  hav< 
been  used,  though  not  to  so  greai  an  extent  as  in  the  tier  of  loes 
counties  adjoining  the  Mississippi.  Occasionally  a  pond  for  stocl 
watering  is  found.  Wells  range  from  20  to  70  feet  in  depth  except  ii 
the  Selma  clay,  where  they  may  be  from  200  to  300  feet  deep. 

Adamsville  is  on  a  plain  or  table-land  between  two  creek  valleys 
The  joint  clay  of  the  vSoIma  reaches  practically  to  the  surface  ii 
some  places;  in  others  it  is  covered  by  20  to  25  feet  of  Lafayette 
Wells  average  10  to  20  feet  in  depth  and  give  soft  or  hard  watei 
according  as  they  are  in  the  Tjafaycttc  or  tlio  Selma. 

At  Acton  water  is  ()l>tained  from  ordinary  ()]>en  wells  30  or  40  feel 
deep.  A  nunil^er  of  spriiitr^^  yi(»ld  iron  and  sulphur  water  that  if 
used  locally  for  niodicinal  purposes. 

At  Bethel  Springs,  elevation  45*)  fc(»t,  tluMv  an*  springs  and  numer- 
ous wells  that  ayerage  30  feet  dee])  i)ut  ran<:e  from  20  to  40  feet 
The  water  is  impregnated  with  iron  and  sid|)luir. 

At  Caffey  there  are  no  sj)rings;  water  is  obtained  from  ordinarj 
wells  that  have  an  average  depth  of  only  about  15  feet. 

At  Gravehill  water  is  obtained  chieily  from  bored  w^ells  that  g( 
throng])  the  Selma  clay  and  are  betwecMi  200  and  300  feet  deep. 

At  Tjeapwood,  near  the  junction  of  the  i{ij)ley  and  the  Selma 
there  are  several  large  springs,  some  sluillow  wells,  and  a  small  wel 
360  feet  deep. 
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At  McNairy,  elevation  449  feet,  there  are  some  springs  and  numer- 
ous wells  that  average  about  .S5  feet  deep.  The  water  is  soft  and  in 
many  wells  contains  sulphur. 

At  Michie  there  are  shallow  open  wells  and  good  springs. 

At  Purdy,  on  the  Mississippi-Tennessee  divide,  Avhich  is  here  a 
narrow  plateau,  many  springs  flow  from  the  base  of  hills  on  either 
side.  In  the  town,  wells  in  the  base  of  the  Lafayette  average  about 
Si)  feet  deep,  while  those  that  enter  the  S^lma  clay  go  200  feet  or 
more  before  reaching  the  Eutaw"  sand. 

At  Selmer,  elevation  460  feet,  the  supply  is  obtained  chiefly  from 
w^ells  20  to  80  feet  deep.  There  are  a  few  cisterns,  and  one  well,  416 
feet  deep,  gets  water  from  the  Eutaw  sand.  The  casing  goes  down 
only  about  50  or  60  feet.  The  water  rises  to  within  30  feet  of  the 
surface  and  is  slightly  hard.     The  log  is  as  follows: 


Ijog  of  well  at  Selmer,  Tenn. 


Surface  sand  and  clay  (Lafayette) 

Clay,  blue  (Seliiui) 

Sand.  water-lx?aring  (Eutaw)  O'ntorpd;. 


Thickn(>(ia.  <  I>«pth. 


Fret.  Feet. 

25  I  25 

:{75  :  400 

10  !  416 


At  Stantonville  the  I^afayette  is  35  to  40  feet  thick,  and  has  at  the 
base  several  feet  of  rounded  chert  gravel  in  which  water  is  abundant. 
Beneath  it  is  the  Eutaw  sand,  but  this  is  somew^hat  quick  and  tends 
to  fill  up  a  well.  A  mile  or  less  to  the  west  the  Selma  clay  is  struck, 
and  wells  are  bored  80  to  250  feet  tlu*ough  it  into  the  Eutaw  sand 
below.     The  water  rises  in  some  places  nearly  to  the  too. 

OBION    COUNTY. 

Topography. — Obion  (-ounty  is  in  the  northwestern  part  of  Ten- 
nessee. Its  northern  boundary  is  the  State  line,  and  its  western 
boundary  is  the  western  shore  of  Ket^lfoot  I^ke.  A  part  of  the 
eastern  boundary  is  formed  by  branches  of  Obion  River.  The  area 
is  505  square  miles.  A  narrow  l>€»lt  along  the  eastern  shore  of  Reel- 
foot  Lake  and  a  belt  for  the  most  part  several  miles  wide  along  Obion 
River  are  low  and  level  and  subject  to  overflow.  On  either  side  of 
this  swamp  belt  of  the  Obion  tliere  is  a  level  bench  or  second  bottom 
15  to  25  feet  higlier  than  the  first  bottom  and,  as  a  rule,  .several  miles 
wide.  The  remain<ler  of  the  county  is  more  elevated  and  forms  a 
part  of  the  general  upland  or  so-called  plateau  slope  of  western 
Tennessee.  Its  surface  varies  from  rolling  to  abruptly  hilly,  (^specially 
along  the  western  border,  where  the  region  is  known  as  the  lake  hills. 
The  lowest  i)art  of  the  county  is  tlie  surface  of  Reelfoot  I^ake  and  the 
swamps  bordering  it.  Tlicsi?  have  an  elevatir>n  of  about  200  or  270 
feet.     The  highest  ])oint   is  probably  in   the  northern  part  of  Ui^ 
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county  near  the  Mobile  and  Ohio  Railroad,  where  the  elevation  is 
slightly  over  400  feet.  The  average  elevation  of  the  upland  is  about 
350  or  375  feet. 

Geology, — ^flie  geologic  fornmtions  of  the  county  are  the  Lagrange, 
Lafayette,  loess,  and  alluvium. 

The  I-^agrange  underlies  the  entire  county,  but  is  concealed,  except 
here  and  there  along  the  base  and  lower  slopes  of  the  lake  hills,  by 
one  or  more  of  the  other  formations,  all  of  which  are  merely  surficial. 
Drill  records  and  an  examination  of  the  near-by  exposures  at  Hick- 
man, Ky.,  indicate  that  the  Lagiange  contains  rather  more  clayey 
material  in  this  region  than  in  its  type  region  in  Fayette  County. 
Water-bearing  sands  are,  however,  found  in  it,  and  wdls  are  gener 
ally  successful. 

The  Lafayette  is  found  on  the  uplands  only,  and  is  20  to  30  feel 
thick.  The  upper  part  is,  as  a  rule,  orange  or  yellow  sand,  while  th< 
lower  part  consists  of  well-rounded  chert  gravel.  In  some  place: 
the  gravel  and  sand  are  interbedded.  The  gravel  is  more  abundant 
near  the  river. 

The  loess  mantles  the  Lafayette  on  the  uplands  and  laps  dowi 
over  the  second  bottoms,  where  it  lies  directly  upon  the  Lagrange 
It  has  its  usual  character  and  is  20  to  80  feet  thick  in  the  central 
and  western  parts  of  the  county,  but  thins  out  in  the  eastern  part 
and  practically  disappears  by  merging  into  a  surface  loam  a  few  feet 
thick,  which  is  everywhere  revealed  in  railway  and  other  cuttings 
overlying  the  Lafayette. 

The  alluvium  is  coniined  to  the  ()!)i()n  and  Keelfoot  swamps. 

Wafer  nsonras.  Along  th(^  sides  of  the  stream  valleys  and  among 
the  liills  springs  are  frequently  found.  Those  in  the  swamps  are 
swe(»t  and  nuiny  others  are  hard  or  contain  iron  and  sulphur,  so  that, 
as  a  ni\i\  they  are  not  a  valua!)le  source  of  water  supply.  The  springs 
feed  numerous  streams  that  during"  winter  furnish  water  for  stock 
in  nearly  all  parts  of  {\w  county,  hut  during  the  summer  all  except 
the  main  hranclies  of  ()!)ion  KivcM-  shrink  away  to  a  series  of  pools 
or  go  entirely  dry.  Ponds  nuisi  tluMi  he  relied  on  for  stock  watering. 
Wells  generally  reach  water  at  comparatively  shallow  depths,  usually 
in  the  liafayeltc  sand  an<l  gi'avcl.  hut  in  th(»  loess  region  this  water 
is  commonly  har<l.  Deeper  wells  liave  been  (hilled  in  a  number  of 
j)lac(\s  and  get  water  from  the  Lagrang(\  In  the  loess  region  cisteni.s 
are  largely  used  on  the  U|>lands,  hut  on  tlie  second  bottoms  the  loes.s 
or  clay  is  so  soft  that  it  is  often  hard  to  keep  tlie  cistern  from  settline 
and  cracking  so  as  to  let  the  surface  water  seep  in,  and  in  such  places 
wells  are  used. 

At  Crockett,  elevation  2<)()  feel,  there  are  small  sliallow  wells  and 
a  number  of  sj)rings. 

At  Klhridge  there  are  oidy  ordinary  shallow  wells  and  a  few  springs 

At  Glass  wells  are  usually  20  lo  AV>  lv>v^V  dv>i>\v,w\vd  soft.     One  or 
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the  river  bottom  is  96  feet  deep,  striking  water  at  90  feet  that  rose 
within  20  feet  of  the  surface. 

At  Gratis  and  Guelph  water  is  obtained  from  ordinary  shallow 
wells  and  springs. 

At  Kenton,  elevation  309  feet,  wells  on  the  hills  generally  yield 
fine  water.  Those  on  the  bottoms  are  not  so  good  and  may  fill 
almost  full  during  wet  weather.  Along  the  bottoms  are  springs, 
most  of  which  are  impregnated  with  iron  or  iron  and  sulphur.  The 
water  in  some  of  the  wells  is  hard  because  of  the  loess;  in  others 
below  this  formation  it  is  soft. 

At  Masonhall  the  wells  range  from  30  to  65  feet  in  depth.  The 
shallower  wells  are  in  loess,  and  the  water  rises  and  falls  with  the 
seasons.  The  deeper  ones  are  in  the  Lafayette  sand.  There  are 
numerous  springs. 

At  McConnell,  elevation  354  feet,  good  water  is  struck  at  a  depth 
of  30  to  40  feet. 

Minnick  is  in  the  loess  area.,  and  has  but  few  wells  or  springs. 
Cisterns  are  almost  universally  used.  A  3-inch  well  started  in  a 
ravine  on  Lafayette  sand  and  gravel,  which  it  passed  tlu-ough  at  50 
feet  and  entered  blue  clay;  this  continued  to  a  depth  of  280  feet, 
and  contained,  at  intervals  of  10  or  15  feet,  hardpans  or  indurated 
beds,  slightly  gritty,  that  averaged  about  a  foot  each  in  thickness. 
At  280  feet  the  blue  clay  changed  to  a  gray  clay,  in  which  the  indu- 
rated layers  occurred  at  about  5-foot  intervals.  In  this  material, 
at  a  depth  of  300  feet,  the  well  w^as  abandoned. 

At  Moriah  water  is  obtained  from  springs  and  wells,  some  of  the 
latter  being  40  to  50  feet  deep. 

At  Obion,  elevation  289  feet,  there  are  some  shallow  surface  wells. 
Good  water  is  obtained  from  sand  at  a  depth  of  about  SO  feet.  It  is 
generally  soft  and  abundant. 

At  Polk,  elevation  330  feet,  there  are  no  springs,  wells  and  cisterns 
being  used.  The  wells  are  generally  hard  and  average  about  30 
feet  deep.     A  few  are  40  or  50  feet  deep. 

At  Rives,  elevation  295  feet,  there  are  a  few  cistepns,  but  the  black 
clay  loam  in  which  they  are  dug  is  not  firm  enough  to  keep  them  from 
cracking.  Shallow  wells  with  water  of  only  fair  quality  are  the  chief 
source  of  supply.  These  average  about  32  to  35  feet  in  depth.  In 
wet  weather  they  fill  up  with  water.  A  deep  well  drilled  for  the 
Illinois  Central  Railroad  had  the  following  log: 

Log  of  Illinois  Central  Railroad  well  at  Hives,  Tenn. 
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No  water  supply  having  been  found  below  160  feet,  the  pipe  wm 
pulled  back  and  the  well  made  at  that  depth.  The  water  rises  within 
10  feet  of  the  surface.  The  diameter  of  the  well  is  10  inches  and 
150,000  gallons  a  day  are  pumped  for  locomotive  use. 

In  the  hills  west  of  Rives,  which  is  on  the  broad  second  bottom  or 
terrace,  wells  average  70  to  80  feet  in  depth.  Cisterns  are  largely 
used. 

At  Samburg,  at  the  foot  of  the  lake  bluff,  w  ater  is  obtained  from 
numerous  springs  that  flow  from  the  bluff.  Wells  are  very  shallow 
and  the  water  poor. 

At  Spout  Spring  there  are  some  springs  and  ordmary  wells,  but  cis- 
terns are  more  commonly  used  than  anything  else. 

At  Tro}^  wells  average  about  25  feet  in  depth  and  furnish  hard 
water. 

At  Union  City,  elevation  328  feet,  water  is  obtained  from  open  well* 
that  average  about  25  feet  deep.  Small  tube  wells  are  from  150  to  200 
feet  deep.  The  town  waterworks  has  two  8-inch  wells,  each  150  feet 
deep,  that  pump  240,000  gallons  per  day.  Each  has  40-foot  Cook 
strainers.  The  water  rises  within  35  feet  of  the  surface.  It  is  slightly 
hard,  but  does  not  form  a  scale.  iThe  ice  company  has  an  8-inch  well? 
125  feet  deep,  with  a  30-foot  Cook  strainer.  The  water  rises  wuthin 
28  feet  of  the  surface.  It  forms  a  little  soft  scale  that  is  easily'  blown 
out  of  the  boilers.  The  waterworks  has  since  finished  a  535-foot  well, 
but  no  record  could  be  obtained  either  of  it  or  of  the  shallower  wells. 
The  health  of  the  town  is  said  to  be  greatly  improved  since  deep  water 
began  to  be  used.  Fevers,  both  malarial  and  typhoid,  have  decreased 
50  per  cent  or  more. 

At  Woodland  Mills  the  domestic  supply  is  obtained  from  dug  wells 
of  from  20  to  45  feet  depth. 

SHELBY    ( OITNTY. 

Topography. — Shelby  County  is  in  the  soutliwest  corner  of  Tennes- 
see.    It  is  bounded  on  the  west  by  Mississippi  Tliver  and  or  the  south 
b}^  the  State  lin^.     The  area  is  760  square  miles.     The  lowest  portion 
of  the  county  is  the  flat  flood  plain  of  the  Mississippi  and  its  tributa- 
ries, tho  largest  of  which  are  Loosahatchie  and  Wolf  rivers.     Along, 
these  latter  streams  there  is  usually  a  terrace  or  second  bottom,  but 
this  is  not  so  well  developed  nor  so  wide  as  the  corresponding  topog- 
raphic feature  in  Obion  County.     The  greater  part  of   the  county. 
consists  of  the  gently  rolHng  upland  that  sloj)es  slightly  northwest-^ 
ward  and  ends  abruptly  on  the  western  side  in  a  line  of  bluffs  thst  = 
cross  the  county  north  and  south  and  overlook  the  Mississippi  swamp.! 
to  the  west.     The  average  elevation  of  the  county  is  about  300  feet* 
The  highest  point  is  about  400  feet  above  tlie  sea  and  is  on  the  south-l 
eastern  edge  of  the  county.     T\\ii  \ov;v>,^V  ^vAwV  vs  where  the  Missis-* 
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sippi  leaves  the  State,  low  water  there  bein^  about  200  feet  above 
sea  level. 

Geology.— The  Lagrange,  Lafayette,  loess,  and  alluvium  are  all 
representee  in  the  county.  The  Lagrange  is  the  underlying  forma- 
tion of  the  entire  county.  As  shown  in  the  deep  well  at  Memphis 
(see  p.  114),  it  is  950  feet  thick,  the  upper  200  feet  being  clay  and  the 
remainder  sand  and  clay  interbedded  in  rapidly  varying  manner. 
PI.  VI  shows  the  abrupt  variation  in  the  character  of  the  individual 
strata  of  such  deposits  as  the  Lagrange. 

The  Lafayette  overlies  the  Lagrange.  In  some  places  it  has  been 
entirely  removed,  but  in  others  it  reaches  a  maximum  thickness  of  30 
to  40  feet.  It  consists  of  coarse  sand  with  a  large  but  varying  propor- 
tion of  gravel.  Above  it  is  the  loess,  which  may  attain  a  thickness  of 
60  to  80  feet,  but  is  usually  somewhat  less.  In  the  eastern  part  of  the 
county  it  mingles  with  and  passes  into  a  surface  loam  which  overlies 
the  Lafayette.  The  river  flood  plains  have  a  deposit  of  Recent  allu- 
vium that  attains  a  thickness  along  the  Mississippi  of  over  100  feet. 

Water  resources, — Springs  and  shallow  wells  in  the  loess  furnish 
hard  water.  Wells  in  the  alluvium  also  give  poor  water,  which  seems 
here,  as  elsewhere,  to  become  more  highly  impregnated  with  iron,  mag- 
nesia, and  other  mineral  ingredients  the  deeper  the  well  is  sunk,  so 
that,  if  shallow  wells  are  to  be  used,  the  shallower  the  better,  so  far  as 
the  mineral  contents  of  the  water  are  concerned.  In  the  loess  area 
many  use  cisterns.  Deep  water  of  good  quality  may  generally  be 
obtained  in  the  Lagrange  at  a  depth  of  from  200  to  500  feet,  though 
locally  the  sands  are  too  fine  for  even  the  finest  strainers,  as  has  been 
the  case  in  a  number  of  borings  in  Memphis.  A  number  of  features 
concerning  the  Memphis  supply  that  are  discussed  in  the  local  data 
(p.  108)  are  more  or  less  applicable  to  water-supply  problems  all  over 
the  county. 

At  Arlington  cisterns  are  used  and  numerous  shallow  wells  in 
gravel  strike  water  at  a  depth  of  from  15  to  35  feet.  Some  of  the 
water  is  soft,  some  hard,  and  some  contains  iron  and  sulphur.  The 
Louisville  and  Nashville  Railroad  well,  228  feet  deep,  gets  water  in 
sand  at  195  feet  which  rises  within  12  feet  of  the  surface.  The  water 
is  pure  and  soft  and  excellent  for  locomotive  use.  The  log,  given  from 
memor^^,  is  as  follows : 

Log  of  uyll  ofLouisxnJle  and  NashvUIe  Railroad  al  Arlington,  Tenn. 
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The  Strainer  is  32  feet  long  and  the  well  yields  all  that  ean  ho 
pumped  by  a  suction  pump  set  on  the  surface,  of  24,000  gallons  |>er 
hour  capacity. 

At  Bartlett  there  are  only  common  wells. 

At  Bleats  there  are  ordinar}^  shallow  wells,  some  very  strong 
springs,  and  a  driven  well  2i  inches  in  diameter  and  170  feet  deep,  in 
which  the  water  rises  within  47  feet  of  the  surface  and  is  hard. 

At  Brunswick  wells  vary  in  depth  from  20  feet  in  the  lowlands  to 
70  feet  on  the  hills.  The  lowland  water  is  of  poor  (juality.  That  in 
the  hills  is  good  and  soft. 

At  Buntyn,  elevation  290  feet,  on  the  flat  upland  between  Wolf 
River  and  Nonconnah  Creek,  water  is  found  in  the  Lafayette  or  upper 
part  of  the  Lagrange  at  depths  that  vary  from  40  to  85  feet.  Most 
wells  are  bored. 

At  Capleville,  elevation  317  feet,  cistern  water  is  largely  used. 
Wells  range  from  40  to  125  feet  in  depth.  The  deeper  wells  funush 
soft  water. 

At  CoUierville,  elevation  377  feet,  cisterns  were  formerly  used  very 
largely.  Water  is  found  at  a  depth  of  95  to  100  feet  in  sand  so  fine 
that  it  rapidly  fills  the  wells  and  so  but  few  are  used.  A  town  system 
of  waterworks  has  been  established  with  two  wells  0  feet  apart, 
driven  239  and  248  feet,  with  16-foot  Cook  strainers.  The  water 
stands  95  feet  below^  the  surface  and  is  raised  by  pumps  that  have  a 
capacity  of  7,500  gallons  per  hour.  The  water  is  reported  to  be  very 
pure  and  fevers  are  said  by  physicians  to  have  decreased  50  jier  r-ent 
since  its  use  began.     The  log  of  the  248-fcK>t  well  is  as  follows: 

Log  ofyodl  at  CoUienrilU,  Tenn, 
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The  gravel  at  248  feet  was  l>etter  tluin  tluit  at  2m  f«^  and  tb«  pipe 
was  pulled  back  to  it.  G^x^l  pure  Kprings  are  found  at  tli#^  f^^/t  fA  tbe 
ridge  on  either  side  of  the  town  and  welk  in  tliif  lowlandi^  of  f  itL^r  tbe 
Wolf  or  the  Cddwater  average  al^^/ut  20  fe^t  deep.  Tlier**  art*  i»eT*nJ 
tubular  welk  2\  inches  in  diarn#ft/rr  and  VMi  Uf  \¥i  f#9^  dnep  ii^  lilt- 
vicinity.     Moat  of  \\wAu  are  pujnj>«^i  by  '^w^Xn^  or  *^t^a;i.  •rusiz^^. 

At  Cordova,  elevati^in  '^72  f*^^.  water-f/earinir  i^trata  ar*^  <ni«:k  t: 
depths  of  50,  SO,  and  HXi  l^r^x.  Tl*^r^  ar*r  i^v^rnJ  is.v.AJJ  t  j'vuitr  v*?]!- 
that  draw  from  th*  l//w*-pt  ^tr^ifirr.  *r  «  d^-prh  of  ViT,  *,*  :  y.-  f*^-  Tijf- 
water  is  soft  and  i»  uwjd  for  f/'/rh  ^x/J^-r  *:^d  dor;^--?.'  y 
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At  Eads,  elevation  348  feet,  there  are  very  few  wells  or  springs, 
cisterns  being  used  almost  exclusively. 

At  Foresthill  open  and  bored  wells  are  used,  the  latter  being  about 
100  feet  deep.     The  water  is  abundant  and  soft. 

German  town,  elevation  377  feet,  is  supplied  partly  by  cisterns  and 
partly  by  wells  that  have  a  range  in  depth  of  38  to  70  feet  and  an 
average  of  60  feet. 

Granberry  obtains  a  supply  chiefly  from  ordinary  wells.  One 
2-inch  well  118  feet  deep  furnishes  an  abundant  supply  of  soft  water 
for  a  gin  and  mill. 

Irene  gets  its  water  supply  from  shallow  wells  and  cisterns.  One 
tubular  well  2  J  inches  in  diameter  and  175  feet  deep  furnishes  a 
boiler  supply  for  a  mill. 

Kerrville,  elevation  335  feet,  gets  its  water  supply  almost  entirely 
from  ordinary  dug  wells  30  to  50  feet  deep. 

At  Madge  wells  are  from  20  to  75  feet'  in  depth.  The  water  is 
scft,  but  not  always  abundant. 

At  Massey,  elevation  323  feet,  there  is  one  200-foot  well  yielding 
water  reported  to  be  hard. 

At  MayviUe,  near  Nonconnah  Creek,  there  are  only  shallow  bored 
wells. 

Memphis  has  an  elevation  of  250  to  280  feet  in  the  business  part 
of  the  city,  but  in  the  eastern  part  the  general  elevation  is  300  feet 
or  more.  Extreme  low  water  in  the  Mississippi  is  182  feet  and 
extreme  high  water  218  feet.  Prior  to  1870  the  entire  water  supply 
was  obtained  from  cisterns  and  individual  shallow  wells.  A  public 
supply  from  Wolf  River  was  then  introduced,  but  it  was  never  per- 
fectly satisfactory,  chiefly  because  of  its  turbidity.  In  1886  an  ic^ 
company  sunk  a  well  354  feet  deep  and  obtained  a  flow  of  water 
which  rose  several  feet  above  the  surface.  Efforts  to  obtain  a  city 
supply  from  the  same  sources  were  so  successful  that  a  temporary 
pumping  plant  for  the  wells  then  sunk  was  erected  in  1889  and  the 
Wolf  River  plant  abandoned.  In  1890  the  present  pumping  station 
was  put  into  operation,  and  since  then  there  has  been  a  constant 
extension  in  the  wells  and  the  distributing  mains.  In  August,  1903, 
124  wells  had  been  put  down,  of  which  16  failed  to  find  a  stratum 
of  coarse  sand  thick  enough  to  justif}'^  completing  them,  and  4  had 
not  then  been  connected.  The  first  42  wells  sunk  were  abandoned 
in  1899,  having  had  a  life  of  about  ten  years  each.  The  wells  made 
now  are  of  better  material  and  are  better  cared  for  and  will  prob- 
ably last  fifteen  years.  For  depreciation  and  city  growth  about 
eight  or  ten  new  wells  are  required  each  year.  The  cost  of  each 
new  well  is  about  $5,000. 

The  texture  of  the  sand  varies  very  rapidly,  so  that  while  the 
entire  mass  is  water-logged,  sand  coarse  enough  to  be  kept  out  of  a 
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strainer  with  slots  one  one  hundred  and  fiftieth  of  an  inch  wide  may 
not  be  found  at  the  same  level  in  two  adjacent  wells,  but  they  may 
**get  water  ^' — that  is,  get  coarse  sand — at  very  different  depths  or 
one  well  may  not  get  it  at  all  (see  fig.  9).  If  fine  sand  only  is 
encountered,  the  well  is  not  finished,  as  this  sand  cuts  out  the 
strainer  slots  in  a  year  or  two  and  also  fills  up  the  tunnels  and 
pump  well.  At  best  the  life  of  the  strainers  is  only  about  three  and 
one-half  or  four  years.    They  are  overhauled  at  the  end  of  two  years. 

The  yield  per  well  varies  considerably  because  of  differences  in  the 
coarseness  of  the  sand  in  which  the  strainers  are  placed.  Wells  100 
feet  apart  may  show  wide  variation  from  this  cause.  Well  No.  94 
when  new  had  a  capacity  of  988,000  gallons  per  month,  while  No. 
98,  one  block  distant, 
gave  only  401,000  gal- 
lons per  month.  New 
wells  should  have  a 
monthly  capacity  of 
500,000  to  700,000 
gallons.  Within  two 
or  three  months  they 
usually  run  down  to 
about  400,000.  Occa- 
sionally one  holds  up 
for  six  months  or  a 
year.  Five  months  af- 
ter starting,  well  No. 
94  had  decreased  to 
591,000  and  No.  98  to 
363,000  gallons.  This 
decreased  flow  is  caused 
by  the  stopping  up  of 
the  pores  in  the  coarse 
sand  around  the  strainer  or  of  the  slots  in  the  strainer  itself  by  fine 
sand  carried  in  by  the  draft  of  water  entering  the  well.  To  remedy 
it  water  is  forced  back  by  the  pumps  from  the  well  into  the  sand 
around  it.  In  this  flushing  a  device  is  used  that  permits  the  water 
to  be  forced  out  through  the  slots  of  only  a  small  portion  of  the 
strainer  at  a  time,  thus  insuring  a  much  more  thorough  cleansing 
than  would  otherwise  be  possible.  Wells  are  flushed  foot  by  foot 
about  twice  a  year,  and  at  times  between  they  are  flushed  the  entire 
length  of  the  strainer  at  once.  After  flushing,  the  wells  often  show 
a  larger  flow  than  when  new.  Four  wells  that  had  fallen  off  32  per 
cent  in  nine  months  increased  their  flow  after  flushing  about  13  per 
cent  above  the  original  amount. 

The  leyel  to  which  water  from  the  Lagrange  sand  originally  rose 


\  'fjpfii^aif^hisi  />^jei^-***tc]r-  ;i  yisarit^ 
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Fia.  9.— Diagram  showing  variation  in  texture  of  Hand  and  its 
effect  on  depth  and  success  of  a  well.  Wells  b  and  r  obtain 
water  from  the  same  lens  of  coarse  sand;  wells  a  and  d  fail 
to  strike  this  local  lens,  but  go  as  deop  again  and  obtain 
water  at  the  same  depth,  but  from  different  ler.ses;  well  t 
falls  to  strike  coarse  sand  at  all  and  is  finally  abandoned. 
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at  Memphis  was  225.1  feet  above  the  sea.  This  elevation  was  suf- 
ficient to  permit  it  to  flow  at  the  surface  in  the  lower  parts  of  the 
city.  Where  the  city  wells  have  been  put  down  the  water  will  not 
rise  to  the  surface.  Instead  of  placing  a  pump  in  each  well,  the  wells 
are  connected  by  underground  drifts  with  a  reservoir,  or  tunnel,  at 


Sw^ftoevf  (round 


CROSS  SECTION  OF  DRIFT 


STANDARD  WELL 


STANDARD  SHAFT 


Fig.  10.-  Sortinn  (»f  well,  drift,  tunnel,  un'l  .'^hnft  at  M«'niphi.>;.  Tnin.     (After  IIi<ior,  OmlierK.  and  Belli 

a  lovel  considerably  lowor  than  that  to  wliicli  tlio  water  would  rise 
in  tlioni.  The  wells  discharge  into  this  tunnel,  wliich  is  5  feet  in 
diameter  and  al)out  three-fourtlis  of  a  mile  long.  It  is  situated  from 
75  to  80  feet  below  the  surface  of  the  ground,  in  the  upper  part  of 
the  thick  clay  bed  which  underlies  the  city  and  forms  the  impervi- 
ous upper  member  of  the  Lagrange  formation  at  this  point.      In  the 
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tunnel  the  water  flows  by  gravity  to  a  suction  chamber,  from  which 
it  is  lifted  to  the  surface  by  pumps  and  forced  into  mains  for  distri- 
bution over  the  city.  At  intervals  shafts  are  sunk  to  the  drifts,  and 
in  them  are  placed  gates  which  permit  groups  of  wells  to  be  cut  off 
from  the  remainder  and  each  individual  well  to  be  shut  off"  from  the 
tunnel,  so  that  it  may  be  pumped  out  for  Inspection  or  repairs.  A 
section  of  well,  drift,  tunnel,  and  shaft  is  shown  in  fig.  10. 

When  the  water  in  the  suction  chamber  is  lowered  to  about  the 
bottom  of  the  suction  pipes  of  the  pumps,  the  wells  flow  under  their 
greatest  head.  When  less  water  is  pumped,  the  level  of  the  water 
in  the  pump  well  rises,  the  head  of  flow  for  the  wells  is  lowered,  and 
their  flow  automatically  diminishes  until  it  equals  the  amount  being 
pumped.  The  plant  contains  three  Worthington  direct-acting  pump- 
ing engines,  each  of  10,000,000  gallons  daily  capacity.  The  water  is 
forced  by  these  pumps  directly  into  the  mains,  which  connect  with 
a  steel  standpipe  20  feet  in  diameter  and  160  feet  high.  This  serves 
chiefly  as  a  pressure  regulator,  though  to  a  very  limited  extent  it 
also  acts  as  a  reservoir. 

The  water  is  clear  and  sparkling  when  freshly  drawn,  but  on 
exposure  or  heating  gives  off  free  carbonic  acid  gas  and  then  precipi- 
tates iron  oxide,  the  iron  at  first  existing  in  the  water  as  a  carbonate. 
The  nascent  carbonic  acid  attacks  the  threads  on  wrought-iron  pipe 
and  corrodes  them,  but  does  not  seriously  damage  brass  or  cast  iron 
or  the  inside  of  wrought-iron  pipes.  In  steam  boilers  a  scum  or  soft 
scale  is  formed,  but  does  little  or  no  damage  if  the  boilers  are  fre- 
quently cleaned.  For  drinking  and  many  other  purposes  the  water 
is  very  satisfactory,  but  there  is  enough  calcium  carbonate  present 
to  interfere  somewhat  with  its  use  in  laundry  work,  for  which  many 
use  cistern  water.  When  the  artesian  water  is  heated,  however, 
it  precipitates  the  calcium  carbonate  and  may  then  be  used  for  - 
washing. 

Analyses  of  Memphis  artesian  vmter.  ^ 


1                  ! 

24.94    1 

2-     i 

14.96 
69.86    i 

3. 

19.96 

74.84 

4. 

5. 

Volatile  soUds 

Fixed  Bolids 

64.86    ' 

86.  ('»4 

1.796 

Little. 

None. 

Faint  trace 

.014 

.031 

.420 

Total  solids .              .... 

« K9. 80    1 

84.82    . 

2.095  ' 

Little.    .. 

None.  ' 

.023 

.000 

.006 

.000 

94.80 
2.494 

92.85 
None. 
Present. 

Chlorine 

Silica 

!            2.165 

Little.; 

None.  1 

032 

.012  ' 

Nitrates 

None. 
.023 
.006 
.006 
.000 

Nitrites 

Free  aoimonia 

.009 
.014 

Albuminoid  ammonia 

.009 

Oxvsen  consumed 

.000 

1, 2.  Charles  Smart,  analyst,  June,  1887. 

3.  Charles  Smart,  analyst,  July,  1888. 

4.  J.  W.  Mallet,  analyst,  June.  1887. 

5.  E.  H.  8.  Bailey,  analvat,  Juno,  1S87. 

In  addition  Professor  Mallet  reports  as  present  soda,  potaBsia.  lime,  mafoieflia.  Iron,  Iron  carbonate, 
sulphatM,  traces  of  phosphates,  free  nitroKen,  almost  no  oxygon,  organic  carbon  OJ^,  organic  nitrogen 
0.28  part  per  million. 


112       UNDERGROUND    WATERS:    TENNESSEE,   KENTUCKY,    ILIiINOIS. 

There  has  been  a  remarkable  lowering  of  the  death  rate  since  the 
introduction  of  the  artesian  water  and  the  extension  of  the  sewer- 
age system.  While  this  has  been  partly  due  to  better  sanitaij 
conditions  resulting  from  the  development  of  the  sewer  system,  it 
has  also  been  due  largely  to  the  healthfulness  of  the  water  itself. 
The  increase  of  population,  extension  of  sewers,  and  increased  use 
of  city  water  are  graphically  shown  in  their  relationship  to  the 
decreasing  death  rate  in  fig.  1 1 . 

Most  of  the  wells  in  use  are  located  within  an  area  of  a  quarter 
of  a  square  mile,  and  it  is  calculated  that  the  ultimate  limit  of 
economic  supply  from  this  area  will  be  about  25,000,000  gallons  per 
day.  The  present  daily  consumption  is  over  20,000,000  gallons  and 
this  rate  shows  each  year  an  increase  of  about  1,000,000  gallons. 
In  order  not  to  interfere  with  the  yield  of  the  present  cluster  of 


ISOOO 


sooo 


Fig.  11.  Diagram  showing  inrrcaso  of  population  and  docn-ase  of  doatli  rat<>  in  Memphis,  Tenn.,  after 
,  tlir  cxtrnsion  of  sowers  and  waUT  mains.     ( Aftor  llidor.  Omlwrp.  and  Bell.) 

wolls,  new  wells  are  now  bein<j:  loeatcnl  in  South  Memphis,  at  a  dis- 
tance of  4  or  5  miles  from  the  old  wells,  where  a  new  group  may 
soon  b(»  developed,  so  as  to  give  a  similar  yield  of  about  25,000,000 
gallons  a  day  from  a  (juarter  of  a  square  mile.  Wlien  the  city  has 
grown  large  enough  to  recjuire  a  dailV  supply  of  50,000,000  gallons 
additional  units  must  be  provided  to  meet  both  the  normal  increase 
in  consumption  and  the  deterioration  in  condition  and  consequently 
decreased  yield  of  the  units  already  fully  developed.  It  is  con- 
ceived by  the  writer  that  just  as  the  sand  in  the  small  area  around 
each  well  becomes  more  or  less  clogged  by  the  indraft  of  water  to 
the  well,  so  the  sand  around  any  quarter  square  mile  or  other  unit 
area  will  in  time  become  similarly  clogged  and  show  a  decreased 
yield.     Such   decrease  will  be   permanent,  for  it  will  manifestly  be 
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impracticable  to  flush  out  an  underground  area  of  even  compara- 
tively small  size  when  in  order  to  flush  a  single  well  most  efficiently 
it  must  be  taken  a  foot  at  a  time.  The  expansion  of  the  present 
system  involves  an  extension  of  mains  and  the  erection  of  new 
substations  at  considerable  cost.  The  writer  believes  that  the  pres- 
ent system  is  not  capable  of  indefinite  expansion,  and  hence  that  it 
can  not  be  regarded  as  a  permanent  system  for  a  rapidly  growing 
city  like  Memphis.  When  it  has  been  extended  to  its  ultimate  ,eco- 
nomic  Umit,  the  city  must  either  turn  to  Mississippi  River  for  a 
water  supply  or  explore  the  deeper  lying  sands  in  the  hope  that  they 
may  yield  a  more  abundant  supply  than  is  found  in  the  Lagrange. 
When  this  Umit  will  be  reached  it  is  impossible  to  say.  It  may  be 
reached  in  twenty-five  years  from  now,  or  it  may  possibly  be  fifty 
years.  The  present  supply  has  numerous  advantages  from  a  sanitary 
point  of  view  which  render  its  retention  and  further  enlargement 
advisable  as  long  as  it  can  be  done  with  economy. 

The  problems  arising  from  the  use  of  Mississippi  River  water  do 
not  require  extended  discussion  here.  If  the  turbidity  were  removed 
by  settling  or  filtration,  or  a  combination  of  the  two,  the  principal 
objection  to  the  use  of  the  river  water  would  be  removed.  Other 
problems  would  be  of  purely  an  engineering  character  and  would  be 
as  capable  of  easy  solution. 

The  hydraulic  level  in  the  vicinity  of  the  city  pumping  plant  has 
been  successively  lowered  by  the  increase  of  the  amount  pumped 
so  that  the  actual  hydraulic  surface  in  the  water-bearing  sand 
around  the  city  pumping  station  forms  an  inverted  cone  whose 
apex  is  a  point  in  the  pump  shaft  at  an  average  elevation  above 
the  sea  of  170  feet,  the  water  in  the  shaft  being  kept  down  to  this 
level  by  the  pumps.  The  curves  made  by  the  hydraulic  surface  in 
1898  and  in  1902,  when  about  9,000,000  and  12,000,000  gallons, 
respectively,  were  pumped  daily,  are  graphically  shown  in  fig.  12. 
The  probable  surface  resulting  from  the  establishment  of  a  second 
pumping  plant  is  also  shown. 

In  view  of  the  steady  increase  in  the  consumption  of  water,  the 
Ripley  formation  should  be  tested  as  a  water  bearer.  It  would  not 
take  much  additional  work  to  deepen  the  1,147-foot  well  sufficiently 
for  that  purpose,  since  it  can  not  be  far  above  the  top  of  the  Ripley 
as  it  now  stands.  Details  as  to  the  probable  thickness  of  the  Porters 
Creek  formation  at  Memphis  are  given  on  page  31.  It  is  impossible 
to  predict  accurately  the  condition  of  the  Ripley  beds  at  Memphis 
or  the  character  of  the  water  they  may  contain.  It  is  very  prob- 
able that  this  formation  would  bo  found  there,  as  elsewhere,  to  be 
coarse  enough  to  be  a  water  bearer  and  that  the  water  contained  in 
it  would  be  of  good  quality.  There  is  no  special  reason,  indeed,  for 
believing  that  it  would  yield  water  much  different  from  that  now 
IHR  164—06 8 
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obtained  in  the  Lagrange  sands^  for  the  two  formations  are  very 
similar  in  Uthologic  character.  Should  the  deep  well  be  sunk  to  the 
Ripley  and  the  water  there  be  found  insufficient  in  quantity  or 
inferior  in  quality  the  well  need  in  no  wise  affect  the  present  supply. 
If  it  were  desired  to  shut  off  the  water,  the  well  could  be  plugged  at 
any  depth  desired  and  the  pipe  above  that  depth  either  cut  or  allowed 
to  remain. 


.^ 


6   ^  ^ 


<   rJJ 
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<  DISTANCE    FROM    PUMPING    STATION 

FiQ.  12.— Diagram  showing  slope  of  artesian  hydraulic  surface  and  probable  effect  of  a  second  ptimplog 
station  at  Memphis,  Tenn.    (After  ITidcr,  Omijerg,  and  Bell.) 

The  Ripley  is  probably  underlain  by  the  Selma  clay,  and  it  in  turn 
by  the  p]utaw  sand,  which  is  also  water  bearing.  The  depth,  how- 
over,  to  the  Eutaw  at  Memphis  is  probably  so  great  as  to  prevent 
its  economical  use  for  city  water  supply  unless  the  yield  per  well 
wore  much  greater  than  that  obtained  from  any  of  the  wells  now 
in  use. 


Yellow  oIhv 

Hard  brown  rlay 

yiightly  soft  brown  olay. . . 

(Jravrl  and  sjitul 

Soft  brown  clay  and  sand. 
Sli>;htlv  hard  brownclav.. 

Still  bluiMlay 

Soft  blue  clay 

StilT  blue  clay  and  sand 

Soft  brown  cluy  and  sand. 
\'cry  hard  l»rown  clay  . . . . . 

Hard  H'ddisli  clay. . .' 

Hard  blue  i-lny 

Soft  bluo  clav 

Stiir  blue  clay 

Soft  brown  clay 

Sliplitly  hard  brown  clay. . 
Sf  ill  brown  cluy .' . . . 


Iaxj  of  Well  No.  JOif,  Afunphia,  Tcnn. 
[Klevation,23.sfoot.] 


Thickness. 

Depth. 

Feet. 

Feet. 

27 

27 

10 

37 

8.4 

45.4 

4 

49.4 

14 

63.4 

12.5 

75.9 

3 

78.9 

4.4 

83.3 

2.6 

&5.9 

1 

86.9 

2 

88,9 

1.5 

90.4 

15.5 
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45.1 
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1 
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4 

126 

1.3 

127.3 

1 
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Log  of  Well  No.  109 ,  Memphis,  Tenn.— €ontinucd. 
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Hard  brown  clay 

Very  hard  brown  clay . . 

Hard  brown  clay 

Slightly  hard  blue  clay. 

Hard  blue  clay 

Sandy  blue  clay 

Fine  sand  and  clay 

Fine  sand . 


Thickness. 


Fine  sand  and  lumps  of  blue  clay 

Coarse  sand  and  lumps  of  blue  clay . 

Soft  blue  clay 

Sandy  blue  clay 

Fine  sand  and  clay 

Sandy  blue  clay 

Fine  sand  and  clay 

Sandy  blue  clay 

Fine  sand 

Sandy  blue  clay 

Fine  sand 

Coarse  sand  and  clay 

Soft  blue  clay 

Clay  and  sand 

Very  line  sand 

Very  fine  sand  and  clay 

Very  fine  sand 

Very  coarse  sand  with  lignite 

Lignite,  pyrite,  and  clay 

Very  fine  sand  and  lignite 

Soft  white  clay 

V^ery  fine  sand 

Hard  brown  clay 

Fine  white  sand 

Hard  brown  clay 

Fine  sand 

Stiflf  brown  clay 

Very  hard,  substantial  rock 

Veiry  stiff  blue  clay 

Very  hard  clay 


Feel. 

1 

5.7 
61 
18 

9 
53 
27 

35.4 
41.6 
10 
17 
10 
15 
13 

7 

22 
26 

6.6 
.8 

6 

2.3 
17.7 
25 

38.2 
16.8 

8 

2 
105 
17 
53 
31 
30 
24 
50 
25.6 
.5 
27.9 
93.5 


Depth. 


Feet. 
129.3 
135 
196 
214 
223 
276 
303 
338.4 
380 
390 
407 
417 
432 
445 
452 
474 
476.6 
483.2 
484 
490 
492.3 
510 
535 
573.2 
590 
596 
600 
795 
812 
865 
896 
926 
950 

1,000 

1,025.6 

1,026.1 

1,054 

1,147.5 


At  Millington  water  is  obtained  at  a  depth  of  20  to  40  feet  and  bet- 
ter water  at  80  to  100  feet.     Cisterns  are  largely  used. 

At  Mullins,  elevation  284  feet,  water  is  obtained  from  springs,  cis- 
terns, and  wells  that  average  30  or  40  feet  in  depth. 

At  Pearley  the  wells  are  from  16  to  60  feet  deep. 

At  Ramsey  cisterns  only  are  used. 

At  Sloanville  water  is  struck  in  Lafayette  gravel  at  a  depth  of  34 
feet.  Water-bearing  gravel  is  also  reached  at  a  depth  of  83  feet. 
Some  wells  yield  soft  water,  but  in  most  it  is  hard. 

At  Whitehaven,  elevation  303  feet,  only  dug  or  bored  wells  of  about 
50  feet  average  depth  are  in  use. 


TIPTON    COUNTY. 

Topography, — Tipton  County  is  bounded  by  Mississippi  River  on 
the  west.  Its  area  is  430  scjuare  miles.  The  surface  may  be  divided 
topographically  into  three  parts,  the  lowest  of  which  is  the  alluvial 
plain  of  Mississippi  and  Ilatchee  rivers.  This  low  plain  forms  a 
narrow  belt  along  the  western  and  northern  borders.  Next,  there  is 
along  the  Ilatchee  a  terrace  belt  of  varying  but  not  great  width. 
The  third  part  is  the  upland  surface,  which  is  gently  rolling  or  leTaL| 
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except  near  the  bluflFs  that  form  its  western  margin,  where  it  is  cut 
into  steep-sided  hUls.  The  average  elevation  is  about  325  feet,  but 
the  elevations  of  only  a  few  points  in  the  county  are  known.  The 
highest  of  these  is  378  feet,  on  top  of  the  bluflF  at  Randolph.  The  low- 
est (about  200  feet)  is  at  low  water  in  the  Mississippi  where  it  leaves 
the  county. 

Geology. — The  geology  of  the  county  is  exactly  similar  to  that  of 
Shelby  County,  just  south  of  it.  The  Lagrange  everywhere  underlies 
the  alluvium  in  the  bottoms,  and  the  Lafayette  on  the  uplands.  The 
Lafayette  in  turn  is  overlain  by  the  loess  and  the  latter  seems  to 
extend  down  onto  the  terrace  area. 

Water  resources. — The  county  is  fairly  well  watered  by  flowing 
streams,  which  are  the  main  dependence  for  stock  water.  For 
domestic  use,  wells,  cisterns,  and  springs  are  used,  wells  being  the 
most  common.  Wells  in  the  loess,  as  well  as  springs  that  flow  from  it, 
give  hard  water.  The  use  of  small  driven  wells  from  100  to  several 
hundred  feet  deep  is  becoming  more  general.  Good  soft  water  from 
the  Lagrange  sand  should  be  obtained  almost  anywhere  at  depths  of 
from  100  to  250  feet.     The  entire  drainage  is  to  the  Mississippi. 

At  Almira  wells  average  65  or  70  feet  in  depth;  some  are  dug, 
others  bored.  The  dug  wells  are  the  more  satisfactory.  The  water 
is  generally  soft. 

At  Atoka,  elevation  424  feet,  water  is  obtained  chiefly  from  ordi- 
nary wells.  There  are  a  few  springs,  but  most  of  them  go  dry  during 
the  summer. 

At  Bride  there  is  difficulty  in  drilling  w  ells  because  of  caving.  The 
water  is  hard.     Cisterns  are  used  almost  exclusively. 

At  Covington,  elevation  316  feet,  water  is  generally  obtained  from 
open  wells  of  about  40  feet  average  depth.  The  town  system  is  sup- 
plied by  four  wells  6  inches  in  diameter  and  100  to  110  feet  deep. 
Each  flows  3  gallons  a  minute  under  a  head  of  about  5  feet.  The 
daily  consumption  is  50,000  gallons.  Direct  pressure  is  used.  The 
water  is  soft  and  of  excellent  quality,  and  the  health  of  the  town  has 
been  greatly  improved  by  its  use.  The  section,  reported  from  mem- 
ory, is  as  follows : 

Log  of  WfU^  fU  Covington ,  Tenn. 


Thickneas. 


Surface  clay 

Blue  clay 

White  and  reddish  sand . 
Coarac  white  sand 


Feet. 

8 

4 

12 

86 


Depth. 
Feet. 


8 
12 
24 
110 


At  the  station  the  Illinois  Central  Railroad  lias  an  8-inch  well  533 
feet  deep,  in  which  the  water  rises  within  31  feet  of  the  surface.     It 
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has  a  temperature  of  66°  F.,  is  soft,  and  makes  a  good  boiler  water. 
Nine  thousand  gallons  per  minute  may  be  obtained  with  the  present 
pumping  plant.     The  record  given  is  as  follows: 

Log  of  well  at  llliTwift  Central  station  ^  Covington,  Tenn. 


Blue  clay 

Fine  white  sand 

Blue  clay 

Quicksand 

Fine  tough  grav  clay 

Sand '. 

White  pipeclay 

Very  coarse  sand,  water-lxraring 


Thickness. 

Depth. 

Feet. 
100 
18 
100 
100 
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4 
4 
25 

Feet. 
100 
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218 

318 

SOO 

604 

506 
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At  Dawsons  the  wells  on  the  upland  range  from  40  to  80  feet  in 
depth.  An  occasional  well  furnishes  soft  water.  Wdls  in  the  bot- 
toms are  10  to  20  feet  deep,  and  the  water  rises  to  the  top  during 
the  winter. 

At  Gift  cisterns  are  used. 

At  Mason  water  is  obtained  at  a  depth  of  about  35  feet.  One  well 
is  200  feet  deep. 

At  Phelan  water  is  obtained  from  dug  wells  45  to  60  feet  deep.  The 
water  in  most  of  them  is  good,  but  is  easily  lowered. 

At  Quito  cisterns  are  most  used.  Wells  average  35  feet  in  depth, 
and  the  water  is  generally  hard.  Two  miles  to  the  west,  along  the 
bluffs  overlooking  the  Mississippi  alluvial  region,  springs  are  abundant. 

At  Tabernacle  there  is  a  4-inch  bored  well  sunk  to  a  depth  of  225 
feet.  The  water  is  abundant  and  soft  and  rises  to  within  106  feet  of 
the  surface.  The  section  down  to  184  feet,  where  the  water  rose  78 
feet  in  the  pipe,  was  chiefly  alternating  sand  and  clay.  This  was 
followed  by  a  thin  sand-ironstone  layer,  then  21  feet  of  blue  clay,  and 
beneath  it  another  sand,  which  was  entered  to  a  depth  of  225  feet 
from  the  surface.  The  water  in  this  sand  rose  within  165  feet  of  the 
surface  only,  and  so  the  casing  was  pulled  back  and  the  well  made  at 
184  feet. 

At  Tipton,  elevation  342  feet,  dug  wells  from  30  to  50  feet  in  depth 
furnish  hard  water.     Some  springs  are  also  used. 

At  Walts,  on  the  Mississippi,  the  only  wells  are  shallow  driven  wells 
in  which  the  water  rises  and  falls  with  the  river  surface.  The  quality 
of  the  water  is  not  good ;  the  shallower  the  wells  are  the  less  iron  the 
water  contains. 

WEAKLEY    COUNTY. 

Topography. — Weakley  County  is  bounded  by  the  Kentucky  line 
on  the  north  and  is  almost  midway  between  Tennessee  and  Mississippi 
rivers.     Its  area  is  565  square  miles.     The  surface  is  gently  rolling. 
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except  around  Dresden  and  in  the  northeastern  part  of  the  county, 
where  it  is  hilly.  The  general  slope  is  westward  and  the  drainage  is 
to  the  Mississippi.  Elevations  of  about  500  feet  are  found  on  some  of 
the  hills  near  Dresden.  South  Fork  of  Obion  River  has  an  elevation 
of  about  290  feet  where  it  leaves  the  county,  and  North  Fork  is  but 
slightly  higher.     The  average  elevation  is  between  400  and  450  feet. 

Geology, — The  formations  of  the  county  are  the  Lagrange,  the 
Lafayette,  and  the  Columbia  loam.  The  Lagrange  underlies  the 
entire  county,  and  while  generally  concealed  by  one  or  both  of  the 
other  formations  it  is  exposed  in  the  deeper  railway  and  stream  cut- 
tings. It  consists,  as  usual,  of  soft  sands  interbedded  with  occa- 
sional strata  of  clay.  The  T^afayette  is  a  red  clayey  sand  and  con- 
tains very  little  gravel.  It  is  10  to  20  feet  thick  and  is  exposed  in 
most  of  the  natural  and  artificial  cuttings.  Over  it  are  generally 
found  5  to  10  feet  of  a  softer,  lighter-colored  sandy  loam  that  in  places 
is  very  much  Uke  loess  in  its  physical  characteristics. 

Water  resources. — The  county  is  watered  by  numerous  streams,  the 
larger  of  which  flow  westward.  Many  of  the  smaller  streams  become 
dry  during  the  late  summer  and  autumn  and  recourse  is  then  had  to 
ponds  and  wells  for  stock  water.  Springs  are  not  numerous  nor 
strong.  The  ground-water  level,  as  is  often  the  case  in  the  middle 
and  eastern  parts  of  the  Lagrange  belt,  lies  at  some  distance  below 
the  surface,  and  wells  which  furnish  the  chief  water  supply  average 
60  or  more  feet  in  depth.  In  some  cases,  where  the  depth  to  water 
is  greater  than  usual,  cisterns  are  used. 

At  Dresden,  elevation  416  feet,  there  is  no  system  oi  waterworks; 
water  is  obtained  chiefly  from  open  wells  that  average  50  feet  in 
depth.  The  water  is  good,  soft,  and  abundant.  A  few  persons  use 
cisterns.  In  the  surrounding  country  wells  in  low  places  near 
streams  may  be  only  20  feet  deep,  while  on  hills  they  go  to  80  feet 
or  more. 

At  Gardner,  elevation  337  feet,  water  is  obtained  from  common 
open  wells  only. 

At  Gleeson  Station,  elevation  397  feet,  goo([  water  is  struck  at 
depths  of  50  to  100  feet. 

At  Greenfield,  elevation  434  feet,  ordinary  wells  are  in  general  use. 
There  is  one  well  200  feet  deep  and  another  400  feet  deep,  detailed 
records  of  which  could  not  be  obtained.  The  water  in  the  200-foot 
well  rises  within  116  feet  of  the  surface,  and  is  pumped;  the  yield  is 
60  gallons  per  minute.  The  water  contains  some  iron  and  is  used 
for  domestic  and  boiler  purposes.  The  water  in  the  400-foot  well  rise^ 
to  about  the  same  elevation,  but  is  dark  colored  and  does  not  taste 
good. 

At  Kimery  springs  are  weak  and  of  little  use.  Wells  25  to  100 
feet  deep  and  small  tubular  wells  100  to  160  feet  deep  are  used  The 
water  is  soft,  and,  in  the  deeper  weWs,  a\m\\dL«Lwl. 
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At  Logan  water  is  obtained  from  springs  along  the  hillsides  and 
from  wells  that  average  50  feet  in  depth. 

At  Martin,  elevation  419  feet,  water  is  obtained  from  cisterns  and 
open  wells.  The  wells  range  from  60  to  90  feet  in  depth  and  furnish 
good  soft  water  from  the  Lagrange  sand.  Occasionally  a  well  strikes 
water  above  a  local  hardpan,  at  the  base  of  the  Lafayette,  at  a  depth 
of  20  or  25  feet.  If  this  hardpan  is  dug  through  the  water  immedi- 
ately drains  down  into  the  underlying  dry  Lagrange  sand,  and  per- 
manent water  is  not  reached  short  of  60  to  80  feet  below  the  surface. 

The  town  put  in  a  system  of  waterworks  in  1898,  getting  the  supply 
from  two  8-inch  wells,  each  316  feet  deep.  The  water  rises  within 
90  feet  of  the  surface,  and  is  raised  by  air  lifts,  with  a  capacity  of 
12,000  gallons  per  hour  for  each  well,  into  two  surface  reservoirs  of 
28,000  and  96,000  gallons  capacity.  From  these  it  is  forced  into  the 
mains  by  direct  pressure.  The  town  wells  are  on  a  level  with  the 
railway  crossing.  No  complete  log  could  be  obtained.  The  water  is 
so  clear  that  it  looks  bluish ;  it  is  soft  and  excellent  for  domestic  and 
industrial  purposes.  The  ice  company  has  a  4-inch  well  130  feet  deep,  * 
the  top  of  which  is  about  2  feet  lower  than  the  town  wells.  The 
water  rises  within  69  feet  of  the  surface,  and  is  of  good  quality. 
From  the  record  of  this  well  and  other  sources  the  following  may  be 
given  as  the  approximate  section  at  Martin : 

Generalized  section  at  Martinf  Tenn.  Feet. 

Surface  sand  and  clay 20 

Sand  with  occasional  beds  of  clay,  each  3  or  4  feet  thick 50 

Sand,  water  bearing 10-  15 

Pipe  clay  (to  a  total  depth  of  100  feet) ^ 15-20 

Sand,  water  bearing 30± 

Clay,  black  lignite 60-90 

Sand,  fine,  with  clay 80-100 

Sand,  coarse,  water  bearing 15-f- 

The  upper  water-bearing  sand  seems  to  run  very  uniform  in  eleva- 
tion in  the  vicinity  of  Martin,  ranging  in  depth  from  25  feet  in  the 
valleys  to  150  or  160  feet  beneath  the  hills.  The  layer  of  lignitic 
clay  is  also  reported  to  underlie  a  large  part  of  the  country  around 
Martin.  Some  parts  are  pure  enough  lignite  to  bum  when  dried. 
Occasionally  a  log  of  lignite  is  struck  in  the  sand  over  the  lignitic 
clay. 

At  Meda,  elevation  424  feet,  water  is  obtained  from  cisterns,  from 
shallow  dug  wells  25  to  40  feet  deep,  and  from  small  bored  wells  50 
to  100  feet  deep.     The  water  is  soft,  but  is  not  very  abundant. 

At  Ore  Spring  there  are  some  ordinary  springs  and  shallow  open 
and  deep  bored  wells,  the  latter  ranging  from  60  to  100  feet  in  depth. 
The  water  is  abundant  and  soft. 

At  Ralstons  Station,  elevation  429  feet,  water  is  obtained  from 
cisterns,  and  shallow  wells  25  to  40  feet  deep.     There  \s»  v>>\sfe  \>3kixJvax. 
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well  166  feet  deep  that  furnishes  an  ahundance  of  soft  water,  but  i 
record  of  it  could  be  obtained. 

At  Rinda  water  is  obtained  from  bored  wells  30  to  150  feet  dee; 

At  Ruthville  water  is  obtained  from  cisterns  and  from  ordinal 
wells  50  to  75  feet  deep. 

At  Sharon,  t^levation  416  feet,  water  is  obtained  from  wells,  ci 
terns,  and  ponds.  The  wells  range  in  depth  from  50  to  150  feet,  h\ 
the  water  is  especially  good  and  abundant  at  100  to  150  feet.  I 
the  foot  of  the  hills  on  the  north  side  of  Obion  River  are  numeroi 
springs.  Small  streams  go  dry  in  the  fall  and  ponds  are  used  ft 
stock  water. 

At  Terrell  there  are  wells  from  30  to  60  feet  deep. 

At  Unity  water,  is  obtained  from  common  wells  and  springs. 

MINERAL    WATERS    OF    WESTERN   TENNESSEE. 

There  are  a  number  of  mineral  springs  or  wells  in  western  Tei 
nessee  that  are  more  or  less  widely  known  for  their  therapeutic  proj 
erties.  Some  few  have  been  developed  into  summer  resorts,  bi 
most  are  undeveloped  and  are  used  only  locally. 

Austin  Springs,  at  Unity,  Weakley  County,  have  something  moi 
than  a  local  reputation  for  their  medicinal  properties.  They  are  1 
miles  cast  of  F'ulton,  Ky.  The  water  is  a  sulphureted  chalybeate 
in  which  iron  is  the  chief  ingredient,  but  small  amounts  of  calciun 
magnesium,  potassium,  sodium,  and  chlorine  are  also  reported  pres 
ent.  It  is  reputed  to  be  valuable  for  rheumatism  and  general  kidne 
and  stomach  troubles.     The  water  is  sold  locally. 

At  Bethel  Springs,  Mc.Nairy  County,  elevation  458  feet,  there  is 
chalybeate  spring  that  has  long  been  known  and  used  for  its  curativ 
])ropcrtics.      No  analysis  is  known  to  have  been  made. 

Brock  Springs,  in  the  western  part  of  Weakley  County,  10  mik 
west  of  Dresden,  is  a  local  resort,  but  has  no  permanent  improve 
ments.  Visitors  camp  out  and  live  in  tents.  The  quality  of  th 
water  could  not  \ny  ascertained. 

The  Cotton  artesian  well,  half  a  mile  southwest  of  Iluntingtoi 
Carroll  County,  was  bored  in  1S71)  to  a  de])th  of  67  feet  and  case 
with  tcrra-cotta  piping.  The  water  (lows  several  gallons  per  minuti 
It  is  a  very  palatable  chalybeate.     A  hotel  has  been  erected  near  ii 

Dunlap  Chalybeate  Springs  are  about  2\  miles  south  of  Bolivai 
Hardeman  C-ounty. 

At  Dversburg  the  water  for  the  Phoenix  Cotton  Oil  Company' 
deep  well  has  considerable  local  repute  for  use  in  kidney  troubles 
No  analysis  has  been  made,  but  it  is  known  to  contain  considerab] 
iron  and  a  little  calcium,  and  probably  magnesia  also. 

The  water  from  Essery  Springs,  3  miles  south  of  Pocahontas,  o 
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the  southern  edge  of  Hardeman  County,  has  been  known  for  years 
and  used  for  kidney  and  stomach  disorders. 

Gibson  Wells,  12  miles  northwest  of  Humboldt,  Gibson  County,  is 
one  of  the  best  developed  summer  resorts  of  western  Tennessee. 
Extensive  hotel  accommodations  have  been  provided.  The  wells 
afford  chalybeate  and  sulphur  waters  that  are  used  for  indigestion 
and  nervous  and  malarial  disorders. 

Glenn  Spring,  7  miles  from  Atoka,  Tipton  County,  is  at  the  base 
of  the  Mississippi  River  bluffs.  The  water  has  long  been  used  for 
liver,  kidney,  and  digestive  disorders.  The  following  analysis  was 
made  in  1880  by  W.  T.  Lupton:" 


ATwltf^is  ofaiUeaLine  carbonate  waXerfrom  Glenn  Spring,  Tennessee. 


PartA  per 
million. 

Silica  (SiOj) 24 

Iron  (Fe) 4.5 

Calcium  (Ca) 66 

Magnesium  (Mg) 35 

Sodium  (Na) 13 

Potassium  (K) 2. 6 


Parts  per 
million. 


Carbonate  radicle  (00,) 206 

Sulphate  radicle  (SO4) 2. 6 

Chlorine  (CI) 1.7 


355.4 


The  water  from  Hargrove  Spring,  6  miles  south  of  Ripley,  Lauder- 
dale County,  is  alkaline  and  useful,  especially  in  kidney  and  bladder 
troubles  and  for  gout  and  rheumatism. 

Hawkins  Spring,  1 J  miles  from  Huntington,  Carroll  County,  on  the 
edge  of  the  bottoms,  is  a  bold  chalybeate  spring. 

Hinson  Springs  is  on  the  Nashville,  Chattanooga  and  St.  Louis 
Railway,  2  miles  west  of  Lexington,  Henderson  Coimty.  There  are 
two  chalybeate  springs,  two  sulphur  springs,  and  a  freestone  spring, 
all  near  each  other.  The  place  has  been  a  summer  resort  for  fifty  or 
seventy-five  years.  The  waters  have  not  been  analyzed,  but  they 
are  recommended  for  stomach,  kidney,  and  bladder  troubles. 

At  Jackson  there  is  an  artesian  well,  which  forms  part  of  the  city 
water-supply  system,  and  yields  water  that  is  regarded  as  having 
medicinal  properties.  A  description  of  it  has  already  been  given 
(p.  97).  The  water  is  slightly  chalybeate  and  alkaline,  as  the  follow- 
ing analyses  show: 

aCrook,  J.  K..  Mineral  Waters  of  tha  United  States,  p.  439. 
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Analyses  of  vxiter  from  vrll  at  Jackson^  Tenn. 
[Parts  per  nililion.] 


Silica  (SlOj) 

Oxides  of  iron  and  alumina  (FeiOi+ A1|0«) . 

('•alcium  (Ca) 

Magnesium  (Mg) 

Sodium  (Na) 

( 'arbonate  radicle  (COi) 

Sulphate  radicle  (SOO 

Chlorine  (CI) 

Potassium  (K) 

Free  ammonia 

Albumin  oil  ammonia 

Residue  on  evaporation 

Residue  on  ignition 

Soluble  organic  matter 

Insoluble  organic  matter 

Nitrate  radicle 


16 
45 

1.6 
.67 
12 
19 


2. 


14 


1.3 


4.2 
5.1  I 
(«)        , 
26      I 
1.7  , 
1.4 
None. 
Trace.  ' 


15 

.50 
2.0 

1.2 
i.4 
4.3 

2.9 

12 

2.5 
3 

21 

*' 

^1 

::::::::':      -; 

65.7  |. 

44.7  1. 
23.0  !. 

20.8  '. 


7.4 


o  Not  determined. 

1.  C.  N.  Miller,  analyst. 

2.  W.  K.  Stone,  analyst.  "  The  water  is  to  be  regarded  as  exceptionally  pure.  The  solid  matter  to 
jiresent  in  quantities  so  small  that  it  is  difllcult  to  make  the  det«rmination;  its  form  Is  mainly  that  of 
sulphate  of  soda  and  lime,  with  traces  of  potash  and  magnesia." 

3.  Henry  Carmichael,  analyst.  "  The  water  represented  by  above  sample  is  exceptionally  soft  and  is 
well  adapted  for  boiler  supply  or  bleaching  purposes." 

4.  Pittsburg  Testing  Laboratory,  analyst. 

Mason's  wells,  in  Madison  County,  3  miles  from  Pinson  and  11  miles 
from  Jackson,  have  long  had  a  reputation  for  their  curative  proper- 
ties in  stomach  and  kidney  disorders.  The  water  is  chalybeate  and 
mildly  astringent.  The  principal  well  is  70  feet  deep  and  has  30  feet 
of  water  in  it. 

Pryor  Chalybeate  Spring,  2\  miles  east  of  Paris,  Henry  County, 
has  a  bold  flow. 

At  Raleigh,  Shelby  County,  is  a  group  of  six  springs  that  were 
analyzed  by  Mr.  Theo.  Ilernner  and  found  to  contain  the  following:* 

Analysis  of  vxiUr  from  sprirujs  at  Raleigh,  Tenn. 


Parts  per 
million. 

Silica  (SiOg) .' 20 

Iron  (Fo) 31 

Calcium  (Ca) 23 

Maj^icsiuin  (Mf?) 9 

Sodium  (Na) 0.  3 


Parts  per 
million. 

Carbonate  radicle  (COj) 86 

Sulphate  radicle  (SO4) 10.  3 

Chlorine  (CI) 6. 2 


197.8 


Sulphur   Springs  water,  Decatur  County,  has  a  local  reputation 
for  dyspepsia  and  stomach  troubles.     No  analysis  has  ever  been  made. 

RESOURCES  OF  KENTUCKY,  BY  COUNTIES. 


BALLARD    COIXTY. 

Topography. — Ballard  County  is  in  the  extreme  northwestern  part 
both  of  the  Jackson  purchase  region  and  of  the  ])()rtion  of  Kentucky 

a  SalTord,  .1.  M.,  An  annotated  catalogue  of  tlic  iniiH'ral  springs  ami  wolls  of  Tennessee,  a  contribu- 
tion to  a  report  on  the  water  supply  of  the  State:  Siippl.  to  Bull.  Stat^  Bd.  Health,  Tenn.  for  Oct., 
iss.-,,  pp.  1.').  10. 
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lying  west  of  the  Tennessee  River.  It  is  bounded  on  the  west  and 
north  by  Mississippi  and  Ohio  rivers  and  on  the  south  by  Mayfield 
Creek.  Its  area  is  237  square  miles.  The  county  is  divisible  topo- 
graphically into  three  parts  that  differ  in  their  general  surface  eleva- 
tion as  well  as  in  other  respects.  The  lowest  of  these  is  the  flood 
plain  or  bottoms  along  Mississippi  and  Ohio  rivers.  This  is  absent 
at  WickliflFe,  where  the  Mississippi  is  swinging  eastward  against  the 
bluffs,  but  its  width  reaches  6  miles  in  the  middle  western  part  of  the 
county  and  decreases  to  a  mile  at  the  northeast  comer  of  the  county. 
The  surface  of  this  plain  is  broken  by  a  number  of  low  sand  ridges 
whose  general  trend  parallels  the  river.  These  ridges  are  separated  by 
old  lakes,  ponds,  and  sloughs — the  remains  of  abandoned  and  partly 
filled  river  channels.  The  average  elevation  of  this  part  of  the 
county  is  between  300  and  320  feet.  The  higher  ridges  and  the  mar- 
gin along  the  river  bank  are  cultivated  in  many  places,  but  the  greater 
part  is  a  poorly  drained  wooded  swamp.  The  second  topographic 
division  is  an  old  terrace  level  -with  a  surface  about  30  or  35  feet 
higher  than  that  of  the  flood  plain.  This  forms  a  belt  4  to  6  miles 
wide  that  crosses  the  northern  part  of  the  county  adjacent  to  the 
flood-plain  belt.  The  remaining  and  largest  part  of  the  county  is  the 
general  upland  region,  which  has  an  elevation  of  between  400  and 
425  feet.  The  surface  is  level  or  gently  rolling  except  near  the  western 
margin  and  along  the  streams,  especially  Mayfield  Creek,  where  it  is 
hilly. 

Geology. — The  surface  formations  are  the  Lagrange,  Lafayette, 
loess,  and  alluvium.  The  Lagrange  underlies  all  of  the  county  except 
the  northern  part,  where  both  the  Porters  Creek  and  the  Ripley  are 
doubtless  to  be  foimd  beneath  the  thin  covering  of  alluvial  material. 
They  are  not  exposed  naturally  and  no  wells  have  been  sunk  to  them 
in  the  alluvial  region;  their  exact  position  and  boundaries  are  there- 
fore largely  conjectural.  The  Lagrange  has  its  usual  character,  being 
a  soft,  light-colored  sand  with  occasional  strata  of  clay.  It  is 
exposed  only  in  the  sides  of  the  deeper  and  more  abrupt  cuttings. 

Over  the  Lagrange  is  a  layer  of  10  to  30  feet  of  Lafayette  sand  and 
gravel.  This  extends  over  the  entire  upland  area  of  the  county, 
except  where  it  has  been  removed  by  stream  erosion.  It  apparently 
covers  the  terrace  area  in  the  northern  part  of  the  county  also, 
though  the  writer  is  not  sure  that  this  gravel  is  as  old  as  the  Lafa- 
yette gravel  on  the  uplands  to  the  south.  '  It  seems  more  probable 
that  it  is  an  Ohio  River  gravel  of  later  age.  This  terrace  belt  extends 
up  the  Ohio  to  Paducah,  McCracken  County,  which  is  situated  on 
it,  and  beyond,  and  throughout  presents  the  same  characteristics 
and  the  same  problem  as  to  the  age  of  its  gravels. 

The  alluvium  covers  the  flood  plains  of  the  two  great  rivers. 
Water  resources, — There  are  numerous  streams  that  generally  fur- 
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nish  water  for  stock.  In  some  places,  where  the  surface  is  flat,  natu- 
ral ponds  hold  water  practically  all  the  year,  and  artificial  ponds 
may  be  readily  made.  The  alluvium  furnishes  water  everywhere  at 
slight  depths,  but  the  quality  of  such  water  is  generally  poor  to  fair 
only.  The  gravel  on  the  terrace  and  on  the  upland  is  often  water- 
bearing. In  the  terrace  gravels  the  water  is  usually  hard,  while  on  Ibe 
uplands  the  water  from  the  Lafayette  is  in  some  places  hard  and  m 
others  soft.  In  numerous  places,  however,  there  is  no  hardpan  <» 
clay  at  the  base  of  the  Lafayette  to  form  an  impervious  basin^  and 
then  water  is  only  reached  at  a  considerably  greater  depth  in  the 
Lagrange.  An  abundance  of  water  of  good  quality  should  be  found 
practically  everywhere  at  the  base  of  the  embayment  deposits  or  in 
the  immediately  underlying  chert  that  forms  the  upper  part  of  the 
Paleozoic  floor.  The  depth  to  this  old  floor  is  probably  not  over  400 
or  500  feet,  except  on  the  southern  edge  of  the  county,  where  it  seems 
to  sink  rapidly  to  1,000  feet.  Good  water  may  be  obtained  in 
suflBcient  quantity  for  manufacturing  or  domestic  purposes  from  the 
Lagrange  sand,  at  depths  of  150  to  300  feet,  in  almost  any  part  of  the 
county.     Over  the  uplands  ordinary  wells  are  60  to  100  feet  deep. 

At  Bandana,  on  the  terrace  plains,  water  is  obtained  by  ordinary 
weUs  at  moderate  depth. 

At  Barlow  City  water  is  struck  at  a  depth  of  about  70  feet.  Bored 
wells  and  cisterns  are  used. 

At  Blandville,  elevation  445  feet,  cisterns  are  used  principally, 
but  there  are  some  open  wells  that  reach  140  feet  in  depth. 

At  La  Center,  elevation  404  feet,  there  is  a  deep  well  drilled  for 
the  Illinois  Central  Railroad  for  engine  use,  the  log  of  which  is  as 
follows: 

Log  of  lUinoU  Central  Railroad  vyU  at  Ixi  Center ^  Ky. 


iThickneM. 


Clay  (loess,  loam) 

Sand  and  clay\,,  „f^-,„tti.^ 

Cement  eravi'ir^*'^y*^^**^ 

U^^l^li^isoi'^n^^^^^^^^ 

Gumbo  (Portora  Crock) 

White  sand IruiTiinv) 

Brown  sand  and  clay/^"^P**^y^ 

Limestone 1 

Gumbo  and  "Klco"  gravel,  mixedMMiHsissippian) . 
Brown  sand  and  clay j 


Feet. 


ao 

18 
38 
34 
28 

112 
5 

132 
10 
48 

113 


Depth. 


Fui. 


ao 

38 
76 
110 
1» 
250 
2S5 
987 
307 
445 
558 


At  Lovelaceville,  in  a  valley  tributary  to  Mayfield  Creek,  the  wells 
are  from  30  to  40  feet  deep.  The  water  is  hard  in  some  and  soft  in 
others.     In  the  neighboring  hills  wells  run  50  to  100  feet  in  depth. 

At  Ogden  there  are  few  cisterns;  most  of  the  supply  is  obtained 
from  bored  wells.     The  region  is  so  flat  that  there  are  no  springs. 

At  Oscar  there  are  only  shallow  v?eX\a. 
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At  Slater  there  are  some  wells  ranging  from  40  to  75  feet  in  depth, 
but  the  water  is  generally  considered  poor  and  is  very  little  used. 
Cisterns  are  almost  exclusively  used  for  domestic  supply,  while  ponds 
are  used  for  stock. 

At  Wickliffe,  elevation  322  feet,  there  are  only  a  few  op«i  wells 
that  average  40  or  50  feet  in  depth.  In  the  surrounding  country 
the  farmers  use  cisterns  almost  exclusively,  the  water  from  shallow 
wells  being  hard  because  of  the  loess. 

The  town  built  waterworks  in  1901,  getting  the  water  from;  a 
6-inch  weU  147  feet  deep,  from  which  6,000  gallons  per  hour  are  pumped 
into  a  standpipe  for  distribution.     The  log  is  as  follows: 

Lug  ofwaierworks  well  at  WicHiffe,  Ky. 


Yellow  clay 

Dark  clay . .' 

Sand,  with  a  little  water 

Blue  clay,  partly  sandy 

Coarse  sand,  water  bearing. 
Potters'  clay  (penetrated) . . 


The  casing  was  pulled  back  to  147  feet  and  the  well  finished  with 
a  19-foot  strainer.  The  yield  has  shown  no  tendency  to  decrease. 
The  water  is  soft  and  quite  satisfactory  for  general  town  purposes 
and  for  boiler  use. 

AruUyns  of  loater  from  waierwcrlca  weU  at  Widdifftt  Ky. 

Parts  per 
million. 

SUica  (SiOj  ). 21 

Oxides  of  iron  and  aluminum  (FcjO,  -f  Al/),) 8.  6 

Calcium  (Ca) 9.  5 

Magnesiimi  (Mg) 5. 1 

Sodium  (Na) 6.7 

Carbonate  radicle  (OO3) 27 

Sulphate  radicle  (SOJ 5. 8 

Chlorine  (CI) 6 

FreeCOj 85 

Alkalinity 70 

Incrusting  solids 71 

Nonincnisting  solids 19 

A  few  years  ago  a  local  company  drilled  for  oil  in  the  southern 
edge  of  town  and  got  artesian  water  instead.  The  elevation  of  the 
well  head  is  about  20  feet  below  track  level  and  the  same  distance 
below  the  level  of  the  town  well  given  above.  The  water  flows 
about  5  or  6  gallons  a  minute.  The  following  log  was  given  from 
memory: 
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Iamj  of  iirU  in  nonthern  pari  of  Wicldiffe,  Ky, 


Thicknesfl.      Depth 


F€€t,  Fut. 

Yellow  oliiy  ami  prawl 12  ' 

Potter' H  clay Ll  .,frr.in.»«»^  /  J*>  I 

Coftrsc  iMiiiil,  clear,  yellowish,  or  re.ldiah  . . r  *^"K""»»''«^' t  300 

HiDO  marl  or  (Kmniitone  (I'ortersCrcfk) 158 


Soft  Nand, water  bearl rip liUinWiv^  /  JO  I 

Hhio  marl  with  some  kao'ln.  down  to  l.OOt)  foot  depth. r '"»""* ^ \  300  i  i. 

Flinty  limestone  (immioI rated ) 20  1, 


The  present  flow  is  from  the  OOO-foot  level.  The  water  is  large 
used  for  drinkinjj  and  has  acquired  the  reputation  of  being  ve 
valuable  for  kidney  diseases.  An  analysis  by  C.  G.  Heinrichs  is 
follows : 

Analysis  ofunterfrom  urll  at  Wicldiffe t  Ky. 

[Analvst.C.  (J.  Hdnriilw.] 

Paru 


Silica  (SiO.) \ 

Tron(Fe) 1 

Caltium(Ca^ 4i 

Magnesium  (Mg) 1] 

Sodium  (Na) 41 

Carbonate  nulirle  iCX), ) 87 

Biiarlmnat*'  rMciiclc  {Ui'i)^) 48 

Sulphat<^  raditle  {t^\) 17 

Clilorinc(Cn 2^ 

283 

Fnu-CX), 41 

Lithium Strong  tra 

A  view  of  this  well  is  jriven  in  PI.  VI 1,  .1. 

CALLOWAY    cor  MY. 

T(fpo(/r(if)lnf.-  CtiWowny  County  i-^  in  the  southeast  comer  of  tl 
flnckson  Purchase  re<rion.  Its  southern  border  adjoins  Tonnessc 
and  its  eastern  boundary  is  Tennessee  Kiver.  Its  area  is  402  squa 
miles,  of  which  about  o")()  are  included  in  the  area  discussed  hei 
The  eastern  portion  alon<r  l^Jood  I\iver.  adjoinint]j  the  Tenness 
Valley,  is  broken  and  hilly,  and  there  are  alx)  hills  on  either  side 
the  fork>  of  ('lark>  Kiver.  Away  from  the  neighborhood  of  tl 
streams  the  >urfaee  is  as  a  rule  ;rcntly  rolling.  JSouth  of  Mum 
there  is  a  considerable  area  of  "llatwoods"  underlain  and  caused  1 
the  Porters  Creek  clay.  Tlie  highest  portion  of  the  county  is  aloi 
the  Tennes.see  line,  where  an  elevation  of  about  fiOO  feet  is  reache 
The  general  slope  is  (o  the  north.  The  average  elevation  of  t] 
county  is  from  .")()()  to  .')'jr)  fe(M.  Tlie  lowest  jxnnt  is  low  water 
the  Tennessee  at  the  northeast  corner  of  the  county,  which  is  al)oi 
'JU')  or  MH)  feet  above  the  s(»a. 
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A.     ARTESIAN  WELL  AT  WICKLIFFE,  KY. 


Ji,     LAGRANGE,  LAFAYETTE,  AND  COLUMBIA  FORMATIONS  AT  MAYFIELD.  KY. 
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Geology. — The  formations  of  the  embayinent  portion  of  the  county 
are  the  Ripley,  Porters  Creek,  Lagrange,  Lafayette,  and  Columbia 
loam.  The  Ripley  consists  of  sands  and  clays  and  is  exposed  chiefly 
along  Blood  River  and  the  upper  part  of  Jonathans  Creek,  where 
the  surficial  formations  are  removed  by  stream  erosion.  It  dips 
to  the  west  beneath  the  Porters  Creek.  The  leaden-colored  clays 
and  greensand  of  this  formation  are  exposed  along  East  and  West 
forks  of  Clarks  River  and  their  tributaries.  An  excellent  exposure 
showing  numerous  small  interlacing  sandstone  dikes  may  be  seen 
at  low  water  on  East  Fork  of  Clarks  River,  between  the  highway  and 
railroad  bridges  just  south  of  town.  West  of  the  Porters  Creek 
formation  the  sand  and  clays  of  the  Lagrange  are  found  in  the 
western  part  of  the  county.  All  of  the  older  formations  are  gener- 
ally concealed,  except  along  the  streams,  by  the  sand  and  gravel  of 
the  Lafayette.  This  gravel  is  in  places,  especially  in  the  central 
and  eastern  parts  of  the  county,  20  to  40  feet  thick.  An  excellent 
exposure  may  be  seen  in  the  railway  gravel  pit  just  south  of  Murray. 
It' is  there  a  highly  ferruginous,  prevailingly  orange-colored  gravel, 
which  is  distinctly  cross-bedded  and  has  numerous  sand  pockets 
and  ;some  iron  crusts  in  it.  It  shows  26  feet  of  gravel,  overlain  by  8 
or  10  feet  of  sandy  clay,  with  irregular  gravel  streaks  through  it  in 
places.  Above  the  Lafayette  in  many  places  are  5  or  10  feet  of 
softer,  leached-out  or  light-colored,  sandy  clay  or  loam  that  probably 
represents  the  Columbia  and  is  the  equivalent  of  the  loess  found 
along  the  Mississippi  River  bluflFs  to  the  west. 

Water  resources. — While  there  are  numerous  streams  in  the  county, 
much  of  it  is  not  well  watered,  and  in  dry  seasons  many  of  the  small 
streams  fail  altogether.  Ponds  are  widely  used  for  stock.  Under- 
ground water  is  reached  in  the  stream  valleys  at  depths  of  20  to  30 
feet,  but  on  the  uplands  it  is  often  100  to  150  feet  to  permanent 
water,  and  in  such  places  cisterns  are  usually  used  instead  of  wells. 
Water  from  the  Porters  Creek  clay  or  "soapstone^'  is  not  good. 
This  clay  does  not  seem  to  be  very  thick  in  many  places  along  its 
eastern  margin,  and  it  may  there  be  dug  or  drilled  through  without 
difficulty.  Under  it  good  water  should  generally  be  obtained  from 
the  Ripley  sand. 

At  Backusburg,  in  the  valley  of  West  Fork  of  Clarks  River,  there 
are  nuriierous  springs  and  shallow  wells. 

At  Coldwater  several  large  springs  and  wells  that  are  60  to  80  feet 
deep  provide  the  water  supply. 

At  Crossland  cisterns  are  used  almost  exclusively  on  account  of 
the  depth  to  underground  water. 

At  Dexter,  elevation  424  feet,  lying  in  a  stream  valley,  water  is 
obtained  at  a  depth  of  16  to  20  feet.  On  the  neighboring  uplands 
wells  are  30  to  40  feet  deep;  many  yield  chalybeate  water. 
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At  Harris  Grove  water  is  struck  usually  at  depths  of  30  to  50  feet. 
One  well  110  feet  deep  is  a  blowing  well;  during  foul  weather  the 
wind  rushes  out  strongly. 

At  Hazel  a  domestic  supply  is  obtained  from  wells  ranging  from 
30  to  60  feet  in  depth.  The  water  is  good  and  pure.  Streams  and 
ponds  are  used  for  stock. 

At  Lynngrove  an  abundant  supply  of  soft  water  that  contains 
some  iron  is  obtained  at  a  depth  of  1 15  feet.  Two  wells — one  2-inch, 
the  other  3-inch — were  drilled  there  to  a  depth  of  174  feet,  and  fur- 
nish excellent  water  from  115  feet  depth.     The  log  is  as  follows: 

Log  of  well  at  Lynngrove,  Ky, 


Surface  clay 

Ritdclay 

Gravel  and  aand 

Red  sand 

Pottery  clay 

Y^ow  sand,  with  water  at  116  feet 

At  Murray,  elevation  480  feet,  both  wells  and  cisterns  are  used  in 
about  equal  numbers.  The  wells  used  average  about  30  or  40  feet 
in  depth  and  are  situated  on  low  grounds  or  slopes  near  by.  On 
higher  ground  water  is  deeper,  a  few  wells  being  100  feet  deep,  and 
the  one  in  the  court-house  square  140  feet  deep.  The  latter  well  goes 
through  the  surface  soil,  the  Lafayette  gravel,  and  the  Porters  Creek 
clay  and  gets  water  from  the  Ripley  sand.  In  many  places  water 
may  be  obtained  at  the  base  of  the  Lafayette.  If  found  in  the  Por- 
ters Creek  it  is  hard  and  unfit  to  use.  Wells  are  then  usually 
abandoned,  though  it  would  be  easy  to  sink  them  through  this  for- 
mation, as  it  seems  to  be  from  5  to  30  feet  thick  only,  and  get  water 
from  the  Ripley  sand.  In  the  uplands  to  the  east  of  Murray  very 
few  wells  are  used,  and  in  the  corresponding  area  west  of  town  the 
number  is  even  less,  cisterns  being  used  in  both  areas  because  of  the 
depth  to  water. 

The  Nashville,  Chattanooga  and  St.  T^ouis  Railway  dug  a  large 
brick  well  near  the  station  to  a  depth  of  73.6  feet  and  then  sunk  a 
pipe  in  the  bottom  of  it  to  a  total  depth  of  215  feet.  The  water 
rises  to  about  50  feet  below  the  surface  and  stands  about  23  feet  in 
the  large  well.  It  is  used  for  locomotives.  The  following  log  has 
been  furnished  by  Mr.  E.  F.  Doudna,  of  Mayfield,  Ky.: 
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Log  ofweJl  of  XashmUe,  Chattanooga  and  St.  Louis  Railway  at  Murray,  Ky. 


Sand,  gravel,  and  clay 

Quicksand 

Clay.  hard,  black  (Porters  Crt'ck) 

Sand,  slightly  mixed  ynXh  yellow  clay. 

Bastard  sand 

Fine  sand 

Coarse  sand  and  water , 

Shell  of  sand  rock 

Tough  blue  and  black  clav 

Soapstone.  slightly  mixed  with  sand. . 

Pure  sand,  fine 

Hard  shells  of  sand  rock 

Fine  sand 

Blue  soapjitone , 

Coarse  dark  sand  with  water 

Coarso  white  sand  with  water 


Ripley. 


Thickness. 

Depth. 

F(€L 

Feet. 

40.3 

46.3 

7.0 

53.3 

20.0 

73.3 

33.4 

IWJ.T" 

28.0 

134.7 

5.0 

139.7 

8.0 

147.7 

3.0 

150.7 

^5.0 

165.7 

^lao 

181.7 

11.0 

192.7 

1.5 

194.2 

3.5 

197.7 

^  1.0 

19«.7 

3.0 

301.7 

,            13.0 

214.7 

At  New  Concord  water  is  struck  in  fine  sand  at  a  depth  of  50  to 
70  feet. 

At  Stella  cisterns  are  used  exclusively. 

At  Wadesboro  water  is  obtained  from  springs  along  the  foot  of  the 
hills  and  from  wells  back  on  the  uplands  that  range  from  20  to  60 
feet  in  depth  and  furnish  good  water. 

At  Wetzel  wells  average  about  50  feet  deep.  All  contain  more  or 
less  iron;  cisterns  are  largely  used. 

CARLISLE    COUNTY. 

Topography, — Carlisle  County  is  situated  on  the  western  edge  of 
the  Jackson  Purchase  region,  almost  midway  between  its  northern 
and  southern  extremes.  Its  western  boundary  is  formed  by  Missis- 
sippi River  and  its  northern  boundary*  is  Maj'field  Creek.  Its  area 
is  188  scjuare  miles.  Along  its  western  border  there  is  a  fringe  of 
Mississippi  bottom  of  varj'ing  width.  The  eastern  margin  of  this 
bottom  is  formed  by  a  bluff  that  rises  from  75  to  150  feet  above  it. 
Eastward  from  the  bluff  the  general  upland,  which  includes  all  of 
the  remainder  of  the  county,  has  a  rolling  surface.  The  upland 
slopes  slightly  to  the  northwest  and  has  an  average  elevation  of  about 
400  feet.  Low  water  in  the  Mississij)j)i  is  about  275  feet  and  high 
water  about  315  feet. 

(rfology. — The  formations  are  the  Lagrange,  the  I^afayette,  the 
loess,  and  the  alluvium.  The  T^agrange  consists  of  light-colored  sands 
and  clays,  \\4th  occasional  beds  of  lignite.  It  is  exposed  along  the 
bluffs  and  in  occasional  stream  cuttings.  On  the  upland  surface  the 
Lafayette  sand  and  gravel,  10  to  30  feet  thick,  rests  on  the  Lagrange. 
The  bluffs  overlooking  the  alluvial  region  are  capped  by  the  loess, 
which  rests  on  the  Lafayette  and  may  be  20  to  50  or  60  feet  thick 
near  the  bluffs,  but  gradually  thins  out  to  the  east  and  merges  into 
IRR  164—06 9  ^^M 
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a  surface  loam.  The  surface  of  the  Mississippi  bottoms  is  compos 
of  Recent  alluvium. 

Water  resources. — There  are  numerous  streams  in  the  county  wlii 
flow  into  Mississip])i  Kiver,  Mayfield  Creek,  and  Obion  Creek.  T 
smaller  of  these  streams  may  go  dry  in  the  fall.  The  larger  ones  i 
permanent.  For  domestic  purposes  cisterns  are  largely  used  in  t 
loess  region,  because  of  the  hardness  of  the  shallow  water.  Th 
are  also  used  in  the  middle  and  eastern  parts  of  the  county  in  pla< 
where  the  depth  to  underground  water  is  inconveniently  great.  T 
average  depth  of  wells  on  the  uplands  may  be  taken  at  from  60 
100  feet.  Water  may  be  obtained  at  any  point  from  the  Lagranj 
For  a  supply  suflicient  for  domestic  or  boiler  use  it  would  not  iisua 
be  necessary  to  go  more  than  150  or  200  feet,  the  depth  in  any  c 
case  depending  on  the  coarseness  of  the  sand.  For  town  supply 
might  be  advisable  to  exj)lore  the  deeper  beds,  as  there  is  usually 
difficulty  in  pulling  a  pipe  back  in  case  a  better  supply  is  not  fou 
at  the  greater  dej>th.  Along  Majiield  and  Obion  creeks  bold  sprii 
of  pure,  cold  water  from  the  Lagrange  sands  occur.  Back  on  1 
uplands  weak  springs,  in  which  the  water  is  not  so  pure  nor  so  co 
are  found  in  local  de])ressions  here  and  there.  As  a  rule  they  i 
used  for  watering  stock  only,  and  some  of  them  go  dry  in  late  sunim 

At  Arlington  open  wells  from  30  to  50  feet  deep  afford  a  limit 
supj)ly  of  water.  If  larger  (immtities  are  wanted,  for  manufacturi 
or  other  purposes,  it  is  necessary  to  go  considerably  deeper.  & 
eral  wells  for  boiler  siip])ly  are  re|)orte(l  to  ])e  120  feet  deep,  but 
the  log  given  below  lignitic  chiy  occurs  at  this  level.  One  well 
reported  to  be  22S  feet  decj),  willi  water  rising  within  12  feet  of  t 
surface.  Il  furnislies  all  the  water  that  can  be  raised  by  a  sucti 
pum|)  with  a  capacity  of  400  gallons  a  minute,  located  on  the  surfa 
The  log,  given  from  nieiunry,  is  as  follows: 

Loo  of  Will  of  Ar/int/(oti.  Ku. 


Thickiioss,        Dfpt] 


F(ft.       I        Feet 

I><)..s:; ■  50 

OrMiiLT'-  .•>... M'l  iiii'l  f.'r.i\.  1  uitli  (1.1% '  12 

Mrow.ichiy.  iit-'iiitio 1.33 

While  \\atiT-!»«aniit;  s;iii-l 33 

At  Uardwell.  i^levation  .*>.')7  feel,  there  an^  numerous  orditiarv^  w'e 
The  town  waterworks  ;^ets  a  snj)j)lv  from  two  wells  reported  to 
about  250  feet  deep.  The  lUiuois  Central  Kailroad  has  two  wi 
that  furnish  an  ahundanec*  of  water  for  all  railroad  purposes.  1 
following  log  t)f  these  two  wc^ll.^  was  given  frt)jn  meiiiory* 
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Lmj  of  lllinms  Central  Railroad  welis  at  BardweUj  Ky. 


Thickness,  i     Depth. 


I  Feet,             Feet. 

Yellow  clay 100                  100 

Sand  and  bliio  clay  in  Hltonmte  strata,  individual  lx>ds  of  sand  being  not  over  i  | 

about  fi  fcM»t  thick I  523  j                623 


The  pipe  was  pulled  back  and  a  20-fo()t  strainer  set  at  120  feet 
from  the  surface.  The  water  rises  within  about  30  feet  of  the  surface 
and  is  soft  and  excellent  for  all  purposes.  The  elevation  of  the  well 
head  is  about  386  feet,  4  feet  lower  than  the  railroad  level  given  above. 

At  Cunningham  bored  wells  are  used  very  largely. 

At  Laketon,  elevation  314  feet,  there  is  a  well  owned  by  the  Mobile 
and  Ohio  Railroad  which  furnishes  from  the  Lagrange  an  excellent 
water  for  locomotive  use.     Detailed  data  could  not  be  procured. 

At  Milbum  water  is  obtained  from  open  and  bored  wells  that  range 
in  depth  from  20  to  60  feet.  The  quality  of  the  water  is  good. 
There  are  very  few  springs. 

FULTON    COUNTY. 

Topography, — Fulton  County  is  in  the  extreme  southwestern  part 
of  Kentucky.  It  is  bounded  on  the  south  by  Tennessee  and  on  the 
west  by  Mississippi  River.  Its  area  is  178  square  miles.  Some- 
thing more  than  a  third  of  the  county  is  in  the  alluvial  region  of 
Mississippi  and  Bayou  de  Chien  rivers  and  Obion  Creek.  This  por- 
tion is  low  and  flat,  its  average  elevation  being  about  290  feet.  The 
remainder  of  the  county,  extending  from  Hickman  southward  and 
eastward,  is  a  level  to  rolling  upland  whose  western  and  northwestern 
borders  are  hilly  or  bluff-like.  The  bluff  at  Hickman  rises  to  an 
elevation  of  461  feet  and  may  be  the  highest  point  in  the  county. 
Ijow  water  in  the  Mississippi  at  Hickman  is  257  feet  and  high  water 
303  feet.     The  average  elevation  of  the  upland  is  about  400  feet. 

Geology, — The  formations  of  this  county  are  the  Lagrange,  the 
Lafayette,  the  loess,  and  the  alluvium.  Their  relationships  are 
exactly  the  same  as  in  Carlisle  County  (p.  129).  The  Lagrange  has 
in  this  county,  however,  a  greater  amount  of  fine  siliceous  clay  than 
usual.  The  best  exposures  are  in  the  bluff  at  Hickman,  a  section  of 
which  is  given  on  page  37.  This  section  has  been  discussed  so  fully 
on  pages  37-0  that  repetition  is  not  necessary  here. 

Water  resources. — Springs  along  the  bluffs  are  usually  strong  and 
yield  either  pure  or  chalybeate  water.  Elsewhere  they  are  weak. 
Wells  in  the  alluvium  are  shallow,  as  usual,  and  furnish  poor  water. 
On  the  uplands  water  may  be  reached  in  sufficient  quantities  for 
domestic  use  at  depths  of  40  to  100  feet.  When  obtained  at  slight 
depth  it  is  apt  to  be  hard.     The  I^agrange  contains  colSL^^x^^ic^^«:^ 
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few  beds  of  water-bearing  sand  coarse  enough  to  set  a  strainer  in 
and  hence  difficulty  is  experienced  in  some  places  in  making  a  satis- 
factory deep  well  in  it.  A  log  of  such  a  well  is  given  under  Hickman 
(p.  133).  The  streams  on  the  uplands  are  all  small  and  some  go  dry  at 
times,  so  that  in  places  ponds  or  wells  must  be  used  for  stock  water. 
At  Fulton,  elevation  366  feet,  water  is  obtained  at  depths  ranging 
from  25  to  1 00  feet.  There  is  a  system  of  w^aterworks  supplied  by 
several  wells,  each  100  feet  deep.  The  quality  of  the  water  is  medium. 
It  is  used  for  general  domestic  purposes  and  also  by,  the  Illinois  Cen- 
tral Railroad  in  locomotives.  Between  600,000  and  700,000  gallons 
per  day  may  be  pumped.     The  log  is  as  follows: 

Log  ofHHnoix  Central  Railroad  well  at  Fu'toUf  Ky. 


Thickneiw.       Depth. 


I 


Surface  clay 

Shell  of  rock 

Sand 

Yellow  clay 

Coarse,  white  wator-lwaring  sand  (entered) 


Feet. 

Feet, 

25 

25 

J.\ 

% 

23 

TOi 

30 

100  r 

At  Hickman,  elevation  of  low  water,  275  feet;  high  water,  303  feet; 
railway,  306  feet;  top  of  bluff,  461  feet,  water  is  obtained  from 
ordinary  wells  and  from  cisterns  to  some  extent.  A  waterworks 
plant  has  been  built,  and  water  is  pumped  to  a  standpipe  on  top  of 
the  bluffs,  from  which  it  flows  into  the  mains. 

Capt.  II.  A.  Tyler  has  a  deep  well  on  the  upland  near  tow^n,  130  feet 
above  liigh-water  mark,  or  433  feet  above  sea  level.  The  water 
rises  within  110  feet  of  the  surface.  It  is  soft  and  good  for  w^ashing 
or  boiler  purposes.  It  contains  some  iron.  Two  logs  were  given. 
The  first,  by  Ca])tain  Tyler,  is  as  follows: 


Log  of  Tyltr  ire/l  mar  I/icknian,  Ky. 


Thickness. 

Depth. 

Feet. 

Feet 

80 

SO 

10 

90 

460 

&50 

6 

55». 

144 

TOO 

17 

717 

Yellow  clay  (l<x'ss  i 

Soft  sands'tonn  (Lafay«'tt<'i 

niiK'  clay 

Very  fiiu'  sand 

Tough  liluc  clay 

White  wutcr-lM'Hrinp  saiul  (cnton'd 


A  20-foot  strainer  pohit  was  set  at  717  feet.  The  well  is  6  inches 
in  diameter,  and  5,400  gallons  per  liour  may  be  pumped.  Another 
driller  had  previously  gone  \o  a  de|)tli  of  S30  feet  within  10  feet  of 
tliis  well,  but  the  ])i|)e  was  telescoped.  From  717  to  830  feet  the 
section  is  re])orted  to  be  mostly  sand,  witli  a  little  clay. 

The  second  log  is  by  Mr.  W.  B.  Johnson,  of  Johnson  &  Flemniing, 
thp  driJJers.     It  is  as  follows: 
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Ijyg  of  Tyler  well,  near  Ilichnan,  Ky.,  given  by  driUera. 


Loess 

Orange  sand  and  Rravol 

WhiK'  sami  and  gravpl,  tract's  of  clay. 

Blue  clay 

Ilanl  rock 

Blue  clay 

White  pipc-cIay 

Coarse  water-lJearing  sand 


-    - 

• 
Thickness.  1 

Feet. 

80  , 
30  1 
165 
182 
6 
157 
80 
17 
1 

Depth. 

Feet. 

80 

no 

275 

457 

4(i3 

020 

700 

717 

The  well  was  successfully  finished  at  this  depth. 

It  is  interesting  in  this  connection  to  be  able  to  compare  these  logs 
with  that  given  by  Mr.  W.  F.  Crosby,  of  Crosby  &  Co.,  the  drillers 
of  the  well  10  feet  distant,  in  w^hich  the  pipe  was  telescoped  at  830 
feet,  in  order  to  see  how  three  records  of  the  same  section,  all  given 
from  memory,  compare.     It  is  as  follows: 

Log  of  drill  hole  at  Hickmany  Ky. 


Thickness.       Depth. 


Feet.  Feet. 

Surface  clay  and  sand 200  200 

Quicksand I  30  230 

Blu<'  and  brown  gumbo  clay,  lignitic |  280  510 

White  nhalky  substanci'  with  a  fine  vein  of  water  just  under  it,  not  tested  ...  40  550 

Blue  ^umbo  clay,  lignitic,  as  above j  150  700 

Sand !  1(»  800 


A  comparison  shows  that  while  there  is  agreement  in  that  the 
larger  part  of  each  section  is  lignitic  clay,  and  water-bearing  sand  was 
reached  at  a  depth  of  700  feet,  there  is  considerable  difference  in 
details,  and  this  may  often  be  true  where  records  are  given  from 
memory.  Men  who  make  a  business  of  drilling  wells  would  undoubt- 
edly find  it  to  their  own  advantage  to  keep  careful  logs  of  all  wells 
drilled,  especially  when  drilling  in  sands  and  clays  so  variable  in 
thickness  that  memory  can  not  be  depended  on  to  j)reserve  the 
details  of  the  various  sections. 

In  a  valley  .*U  miles  somewhat  north  of  east  from  Hickman,  at 
an  elevation  estimated  to  be  about  30  feet  above  high-w-ater  mark 
(about  333  feet  above  tide),  a  well  was  drilled  on  Mr.  R.  A.  Tyler^s 
:  t  ( ck  farm.  The  water  is  hard,  and  rises  within  30  feet  of  the  surface. 
The  log  is  as  follows: 

Log  ofn^ll  on  R.  A.  Tyler  farm,  near  Ilichnan,  Ky. 

I  Thickness.      Depth. 


I  Feet.  Feet. 

Yellow  clay  with  small  iron  nodules  (I'M^ss  with  buckshot) '  57  57 

Gray-black  quicksand  v  1th  lignite 53  110 

Coarsevihitc  water-U^aring  sand,  parte-' by  very  thin  strat^i  of  wnitt  pipeclay.  82  192 
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Near  Ilicknian  is  the  Nick  Combs  mineral  spring,  which  is  discussed 
on  page  145. 

At  Jordan,  elevation  398  feet,  water  is  obtained  from  wells  and 
cisterns.  Wells  vary  from  35  to  110  feet.  Water  is  most  abundant 
at  100  feet,  and  is  reported  to  be  hard. 

GRAVES    COUNTY. 

Topography. — Graves  County  is  quadrangular,  its  long  dimension 
extending  north  and  south.  It  is  situated  in  the  middle  of  the  Jack- 
son  Purchase  region  from  east  to  west  and  extends  from  the  Ten- 
nessee line  more  than  two-thirds  of  the  way  to  Ohio  River.  It  is  the 
largest  of  the  Kentucky  counties  here  discussed,  its  area  being  550 
square  miles.  The  surface  slopes  gently  to  the  northwest.  It  may 
be  described  as  level  to  rolling  away  from  the  main  drainage  lines 
and  hilly  along  them.  Especially  on  the  eastern  (right-hand)  side 
of  West  Fork  of  Clarks  River  and  Mayfield  Creek,  the  two  principal 
streams  of  the  county,  the  valley  wall  rises  steeply  to  the  upland 
level.  On  the  western  side  of  each  stream,  however,  the  ascent  to 
the  general  upland  level  is  not  abrupt,  but  gradual.  The  highest 
point  in  the  county  and  also  in  the  Jackson  Purchase  region,  according 
to  Loughridge,  is  in  the  southern  portion,  about  halfway  between 
Lynnville  and  Pilot  Oak.  Its  elevation  is  given  by  Loughridge  as 
625  feet.  The  average  elevation  of  the  southern  part  of  the  county 
is  about  550  feet.  The  slight  northwestward  slope  makes  the  eleva- 
tion of  the  nortliem  part  of  the  county  about  425  or  450  feet.  The 
lowest  point  is  about  320  feet,  where  West  Fork  of  Clarks  River 
leaves  the  county. 

(reology.  -The  geologic  formations  of  the  coimty  are  the  Porters 
Cr^ek,  Lagrange,  Lafa\ette,  and  Columbia  loam.  The  Porters 
Creek  is  confined  to  tlie  northeastern  ])art  of  the  county  and  is  con- 
cealed l)y  the  Tjafayette  exce])t  where  the  hitter  has  been  removed 
by  erosion  along  West  Fork  of  Clarks  River.  It  has  its  typical 
cluiracler,  l>eing  a  dark  leaden-colored  clay,  usually  called  soapstone, 
with  occasional  silly  or  sandy  beds.  Tiic  clays  in  many  places  are 
cut  by  sandstone*  dikes,  as  has  been  descrilxMl  at  some  length  on  page 
rjO.  The  thickness  of  this  clay  is  ])n)l)al)]y  not  over  125  or  150  feet. 
It  dips  westward  l)eneath  the  Lagrange. 

The  Lagrange  underlies  all  of  the  county  except  the  Porters  Creek 
area  just  mentioned.     It  also  is  concealed  by  (he  Lafayette  except 
in  stream  or  other  cuttings.      It  consists  of  light-colored  sands  and 
clays,  some  of  which  are  dark  with  lignitic  matter,  while  others  are  • 
white  and  plastic  and  arc  mined  for  ])ottcry  making. 

The  Lafayette  is  well  developed  as  an  orange-colored  sand,  grad- 
ing down  into  or  underlain  by  a  gravel  bed  which  forms  its  basal 
portion.     This  gravel  is  highly  ferruginous  as  a  rule. 
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On  the  uplands  the  Columbia  loam  rests  on  the  Lafayette.  It  is  a 
light-colored  sand  beneath,  usually  soft  and  containing  a  few  peb- 
bles derived  from  the  Lafayette,  and  grades  up  into  a  loam,  the 
entire  thickness  being  5  to  10  feet.  A  most  excellent  exposure  is 
seen  in  the  town  gravel  pit  just  east  of  the  railroad  track  in  the 
southern  part  of  Mayfield.  PI.  VII,  B  ( p.  126) ,  is  a  view  of  tliis  pit.  It 
shows  at  the  base  18  feet  of  soft  variegated  and  cross-bedded  La- 
grange sand.  Over  it,  ^\dth  a  sharp  contact  line  between  them,  are 
20  to  22  feet  of  I^afayette  gravel.  It  has  much  sand  intermixed  and 
some  thin  inm  crusts  and  stands  well  in  vertical  faces.  The  gravel 
is  principally  chert,  though  there  are  some  pieces  of  vein  quartz.  It 
is  used  for  road  material  and  is  being  removed  in  two  benches,  which 
are  well  shown  in  the  plate.  Over  this  and  separated  by  a  sharp 
but  irregular  line  are  10  feet  of  material  that  is  lighter  in  color  and 
softer,  so  that  it  does  not  stand  up  with  vertical  faces  so  readily. 
The  lower  3  or  4  feet  of  it  are  chert  and  vein-quartz  pebbles,  similar 
in  size  and  rounding  to  the  Lafayette  pebbles  below,  from  which 
they  were  undoubtedly  derived.  The  slight  reworking  to  which  they 
have  been  subjected  has  deprived  them  of  their  iron  and  of  their 
bright  color  and  given  them  a  leached  appearance.  They  grade 
upward  into  sand  and  the  sand  into  surface  loam,  both  of  which  have 
the  same  light-brown  or  leached  color,  which  readily  serves  to  dif- 
ferentiate this  depoisit  from  the  Lafayette  beneath.  It  is  the  rep- 
resentative of  the  Columbia.  In  the  plate  it  is  the  upper  bench 
extending  to  the  top  of  the  pit. 

^yater  resources. — Except  along  the  stream  valleys,  springs  are 
few  and  generally  weak.  The  small  streams  have  in  consequence 
weak  flows,  and  the  great  majority  of  them  go  dry  in  late  summer. 
West  Fork  of  Clarks  River  runs  all  the  year.  Everyone  has  pcmds 
for  stock.  Along  the  stream  valleys  water  may  generally  be  reached 
in  wells  20  to  30  feet  deep.  On  the  uplands  in  the  southern,  central, 
and  northeastern  parts  of  the  county  wells  are  60  to  125  feet  deep, 
and  in  some  places  do  not  then  reach  water.  In  the  northwestern 
part  of  the  county  the  average  depth  to  water  is  somewhat  less. 
Cisterns  are  largely  used. 

It  should  be  possible  to  get  good  water  in  the  ^'soapstone''  or 
Porters  Creek  area  by  going  through  it  into  the  Ripley  sand  beneath. 
In  the  Lagrange  area  good  water  may  be  obtained  almost  anywhere 
at  depths  of  200  to  400  feet.  Because  of  the  great  average  eleva- 
tion of  the  county,  water  will  not  rise  to  the  surface,  and,  indeed,  in 
most  of  the  county  there  will  probably  be  little  if  any  rise  at  all. 
Shallower  water  is  found  at  the  base  of  the  Lafayette  in  places 
w^here  there  is  enough  hardpan  to  make  an  impervious  basin.  Such 
wells  are  weak  and  are  apt  to  fail  in  dry  seasons,  and  are  in  i 
fed  by  surface  rain  water,  and  so  liable  to  contamination. 
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At  Bloom  there  are  a  few  springs,  but  water  is  generally  obtainc 
from  cisterns. 

At  Cuba  water  is  obtained  from  wells  that  are  from  100  to  It 
feet  deep;  cisterns  are  largely  used. 

There  are  some  good  springs  in  the  neighborhood  of  Dublin,  but  i 
wells.     Cisterns  are  used. 

At  Fancyfarm  the  supply  has  come  from  cisterns  chiefly,  bi 
small  tubular  wells,  some  of  which  are  120  or  130  feet  deep,  are  con 
ing  into  use.  They  furnish  good,  pure  water  from  the  Lagranj 
sand.     In  low  places  wells  are  less  than  50  feet  in  depth. 

At  Farmington  cisterns  are  used  almost  exclusively  because  of  tl 
depth  to  underground  water.  There  are  a  few  small  tubular  wel 
120  to  165  feet  deep. 

At  Folsomdale  there  are  a  few  wells,  but  cisterns  are  almost  un 
versally  used. 

At  Freda  there  is  only  one  well.  It  is  90  feet  deep  and  is  not  use< 
There  are  a  few  springs.     Cisterns  are  used  by  all. 

At  Golo  cisterns  are  used  almost  exclusively.  The  few  wells  an 
springs  are  used  for  watering  stock. 

At  Lowes  water  is  obtained  mostly  from  cisterns.  There  are  onl 
a  few  wells  and  they  average  100  feet  or  more  in  depth. 

At  Lynnville  cisterns  are  used  almost  exclusively.  A  blue  cla 
is  struck  very  near  the  surface  and  few  of  the  attempts  at  borin 
wells  are  successful.  It  is  probable  that  a  well  sunk  100  or  150  fe€ 
WH)uld  go  through  this  blue  clay  and  find  water-bearing  sand  in  th 
Lagrange.  Such  (lay  bods  in  the  Lagrange  are  not  usually  over  10 
or  150  feet  thick. 

At  Ma}iiel(l,  elevation  480  feet,  luulerground  water  is  struck  a 
a  depth  of  00  or  100  feet,  and  cisterns  have  been  largely  used  thei 
and  in  the  surrounding  country,  where  the  same  c(mditions  as  t 
depth  to  water  prevail.  A  system  of  waterworks  has  been  installe 
by  a  private  corporation,  whicli  has  one  10-inch  well  304  feet  dee| 
one  S-inch  well  300  feet  deep,  and  two  S-inch  wells  160  feet  deej 
The  water  stands  in  tlieni  at  about  <S()  or  90  feet  from  the  surfac4 
It  is  pure  and  dear  and  is  raised  by  air  lift  to  the  surface  and  the 
forced  into  a  standpipe.  Only  one  well  is  ])uniped  at  a  time.  Th 
average  daily  consumption  is  about  250,000  gallons.  The  folio  win 
log  was  given  by  the  driller,  Mr.  W.  B.  Johnson,  of  Johnson  < 
Flemniing: 

iMff  of  well  at  Maijfdil,  Ky. 


Thickness.       IVpUu 


Feet. 

Surface  clay,  like  Ioosk I  12 

Orange  sand  and  gravel,  dry , 60 

Orange  sand  and  gravel,  water  Ivaring 218 

Thin  parting  of  pijieclay  at ; ■  2 

White  watrr-ifoaring  wind M  3 


FeeL 
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At  Pryorsburg,  elevation  420  feet,  water  is  obtained  from  wells  30 
to  40  feet  deep  and  from  cisterns. 

At  Rat^^sdale  cisterns  are  used  ])rincipally.     Wells  are  scarce. 

At  Sedalia  six  wells  of  small  diameter  from  120  to  170  feet  deep 
fiirnish  a  very  pure  water.     Cisterns  are  larjjely  used. 

At  Symsonia  there  are  no  wells  or  sprinjj^  of  any  note.  (Hsterns 
are  used. 

At  Tice  cisterns  are  used  almost  exclusively.  There  are  a  few 
wells  30  to  75  feet  deep. 

At  Viola,  in  the  valley  of  Ma}^eld  Creek,  wells  are  IS  to  75  feet 
deep;  most  of  them  are  bored  and  the  water  has  more  or  less  iron 
in  it. 

At  Vultoncreek  water  is  obtained  from  cisterns  for  domestic  use 
and  from  ponds  for  stock.  The  few  sprin<js  go  dry  in  sunmier. 
There  are  no  wells  in  the  vicinity. 

At  Water  Valley,  elevation  3S0  feet,  wells  are  used  principally. 
They  range  from  25  to  40  feet  in  depth.  Cisterns  are  also  used  to  a 
considerable  extent.     A  mineral  well  is  not^d  on  page  146. 

IIICKMAX    C'()K.\T>  . 

7>)/)0(7m/>A?/.  —  Hickman  is  one  of  the  western  tier  of  counties  and 
reaches  on  its  western  side  Mississippi  Kiver  and  on  its  southern  side 
the  fennessee  State  line.  Its  area  is  224  s(iuare  miles.  Along  the 
Mississippi  and  the  lower  course  of  Obion  Creek  within  the  county 
there  is  a  small  area  of  low  alluvial  land.  The  remainder  of  the 
county  is  a  level  or  rolling  upland  in  the  interstream  areas,  which 
become^s  broken  and  hilly  along  the  main  streams  and  near  the 
bluffs  that  overlook  the  Mississipni  flood  plain.  The  average  eleva- 
tion of  the  upland  is  about  375  feet  and  of  the  all  :vial  region  about 
310  feet.  Low  water  in  the  Mississippi  is  260  to  270  feet.  The 
upland  slopes  gently  westward  and  is  drained  by  Bayou  de  Chien  and 
Obion  Creek  into  the  Mississii)pi. 

Oeolocpj, — The  geology  of  the  county  is  the  same  as  that  of  Carlisle 
County  on  the  north  and  Indton  County  on  the  south.  The  under- 
lying formation  is  everywhere  the  Lagrange  sand.  It  is  admirably 
exposed  at  Chalk  Bluff  below  Columbus  and  at  Columbus.  At  the 
latter  place  about  SO  feet  of  it  may  be  seen  forming  the  base  of  the 
bluff,  the  upper  part  being  a  grayish,  somewhat  jointed  day  resem- 
bling slightly  the  clay  so  prominent  in  the  middle  and  up])er  j)arts  of 
the  bluff  at  Hickman. 

Over  the  Lagrange  are  35  feet  of  Lafayette  in  the  Columbus  bluff, 
the  lower  20  feet  l)eing  gravel  and  tlie  upper  1;"  feet  a  sand  at  the 
base,  w^hich  grades  up  into  a  gravel  at  the  top.  Eastward  from  the 
bluff  the  Lafayette-  is  as  a  rule  not  so  thick  and  is  not  so  heavily 
charged  with  gravel. 
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Alon^  iho  blulFs  facin;:  the  Mississippi  the  loess  overlies  the  Laf« 
yetto.  The  lower  ])art  is  usually  darker  than  the  upper,  as  describe 
on  pajjce  45.  The  thi<*kness  may  reach  GO  or  80  feet.  To  the  et! 
it  thins  down  and  n:er^es  into  the  surface  loam. 

The  alluviuu)  rests  on  the  Laj^ranjije  in  the  river  and  creek  bottom 
It  is  l)elieved  to  he  of  Recent  orijjin. 

^Vaf(r  I  (.sources.  Streams  are  numerous  and  the  larjjer  ones  lio^ 
pereimially.  Ah>n^  their  valley  sides  sprinjrs  are  found,  but  the 
situation  tr<*nerally  precludes  their  use  for  domestic  supply.  Alon 
with  the  streams  and  scattered  artificial  ponds  they  are  used  f( 
stock  waterintr.  In  the  alluvial  re;rion  water  of  medium  quality 
obtained  at  (Icj)ths  of  a  few  to  a  score  feet.  Back  on  the  uplanc 
w-ells  vary  < onsiderably  in  depth,  but  often  ^o  75  or  100  feet.  Ci 
terns  are  used  in  man\  places  because  of  the  hardness  of  the  water  i 
the  loess  area  or  the  depth  to  it  els(»where.  Good  water  may  be  go 
ten  in  the  La«rran'^e  at  moderate  depths,  and  snail  driven  wel 
should  be  found  practicable  at  anv  ]>(»int  where  diflicultv  is  encoiii 
tered  in  obtairin<r  a  sati.sfactorv  supply. 

At  Clinttm  elevation  at  lllinoisCentral  Railroad  354  fc^t,  at  cour 
house  3St)f(»et  there  are  numerous  bored  wells  100  to  1,50  feet  dee] 
The  town  supply  is  obtained  from  two  wells  that  draw  their  wat< 
from  white  sand  Ki5  or  140  f(»ct  deep.  It  is  rejK>rted  to  be  hard  an 
to  contain  iron,     llic  water  stands  within  'M)  feet  of  the  surface. 

At  Columbus  water  is  ol)tain<Ml  from  shallow  wells  and  cistern 
Factori(»s  <r(*t   tlu^ir  ])oilcr  supply  ln»m  Mississippi  River. 

Moscow,  clcvntion  .'M.'J  feet.  dcriv(»-;  most  of  its  water  suj>ply  froi 
ordinary  wells  10  t«)  (>()  feet  deep.  Tlicrc  arc  a  few  pipe  wells  NO  t 
loO  feet  (lcc|).      Botii  kinds  furni>li  ^imkI  pure  water. 

At  Oakton.  clcvatinii  ;;!.'»  feet,  there  are  a  mnuber  of  pipe  wells  7 
to  12")  feel  (leej>  that  furni-;li  su|r|)lie>  lor  dt)m(»stic  and  boiler  ust*. 

At  S]>riii»rbill  bard  water  is  struck  at  an  avera^re  depth  of  60  fee 
Wells  in  tiie  nei;riil)orhoo(l  ran^e  in  de])th  from  25  to  200  feet.  Ci 
terns  are  used  almost  e\clnsi\'elv. 

At  Stubbs  hard  water  is  obtained  m  wells  20  to  40  feet  deej>  ar 
water  of  better  (juality.  thouixh  fre<jnently  t-ontainin^  some  iron,  i 
wells  so  to   i;;0  feet   deep. 

.\l'(  i:  V(  KKN    col  N'rv. 

TojKujrd plnj.  McCracken  is  the  eastern  of  ilie  two  northern  com 
ties  of  the  Jackson  Pnrchase  n»«:i«)n.  Its  north(M-n  and  northeastei 
boundaries  nre  Ohio  and  Tennessee  riv(M's.  Its  area  is  241  scpiai 
miles.  To|)oixra|)hically.  there  is  a  threefold  division  of  the  surfaci 
just  as  in  Ballard  County  (p.  122^  Alon*;  ( )hi«)  and  Tennessee  rive; 
there  is  a  narrow  strip  of  alluvial  Hood  |)lMin  whose  elevation  on  tl 
eastern  ed^^e  of  the  county,  alon^r  the  Teimessee,  is  about  325  fee 
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and  in  the  northwest  corner,  on  the  Ohio,  about  315  feet.  This  flood- 
^  plain  belt  is  in  many  places  very  narrow.  Lying  just  south  of  the 
flood-plain  belt  is  a  second  bottom  or  terrace  25  to  35  feet  liigher 
than  the  first  bottom.  It  has  an  average  width  of  3  or  4  miles  and 
extends  up  Clarks  River  and  its  east  and  west  forks  to  a  point  beyond 
the  county  line.  It  embraces  an  area  of  about  85  square  miles.  At 
Paducah,  which  is  built  upon  it,  it  is  well  developed  and  has  an  eleva- 

-  tion  of  340  feet.  Its  surface  is  level  except  near  the  streams  which 
cross  it  and  have  trenched  their  channels  15  to  25  feet  beneath  its 

,  surface.  .  The  remainder  of  the  county  is  an  upland  region  with  a 
=  rolling  surface  that  is  almost  level  in  the  interstream  areas  and  con- 

-  siderably  broken  near  the  streams  that  drain  it.  The  general  upland 
slope  is  slightly  northward  and  its  average  elevation  is  not  far  from 
400  feet. 

Geology. — The  Ripley,  Porters  Creek,  Lagrange,  Lafayette,  Colum- 
bia, and  Recent  alluvium  all  occur  within  the  county.  The  Ripley 
underlies  a  strip  along  the  eastern  edge  and  is  exposed  here  and  there 
along  Clarks  River  and  on  the  Tennessee  at  low  water  as  far  north 
perhaps  as  Paducah,  though  at  the  latter  place  the  w^riter  failed  to 
find  any  exposures.  In  the  deep  well  at  Paducah,  a  log  of  which  is 
.  given  on  page  141,  it  was  struck  at  a  depth  of  60  feet  and  is  a  soft  sand 
with  a  number  of  clay  lenses  that  are  usually  lignitic  where  seen  in 
the  surface  exposures  in  the  vicinity. 

The  Porters  Creek  overlies  the  Ripley  and  in  the  southeast  corner 
of  the  county  is  exposed  at  intervals  along  both  forks  of  Clarks  River 
.  and  for  some  distance  down  the  main  stream.  It  is  well  exposed  on 
two  hills  3  and  4  miles,  respectively,  south  of  Paducah,  on  the  road 
to  Mayfield,  where  it  consists  of  joint  clay  and  silty  sand,  the  latter 
partly  indurated  and  containing  casts  of  Eocene  fossils.  Northwest 
of  Paducah  it  probably  underlies  most,  if  riot  all,  of  the  second  bot- 
tom as  well  as  the  northern  edge  of  the  upland,  though  it  is  almost 
entirely  concealed  by  later  deposits.     Its  thickness  is  about  150  feet. 

The  Lagrange  underlies  the  central  and  southwestern  parts  of  the 
county,  but  is  not  exposed  except  along  the  deeper  stream  cuttings. 
It  has  its  usual  character,  being  a  light-colored  sand  interbedded  with 
occasional  clays  that  arc  either  white  or  more  or  less  lignitic. 

The  red  Lafayette  sand  and  gravel  ove/lies  the  Lagrange  and  the 
Porters  Creek  on  the  upland.  It  is  somewhat  uncertain  whether  it 
should  be  regarded  as  present  on  the  old  terrace  level  or  not,  but  the 
writer  is  inclined  to  think  that  tlie  gravel  and  overlying  sand  and  clay 
on  this  terrace  are  not  so  old  as  the  Lafayette  and  should  more  prop- 
erly be  classed  as  part  of  the  Columbia.  At  Paducah  this  terrace  has 
on  the  surface  from  a  few  feet  to  30  or  40  feet  of  silty  sand  and  clay, 
and  beneath  it  a  hard  ''cement  gravel,"  as  it  is  popularly  known,  20 
to  30  or  more  feet  thick,  with  pebbles  up  to  4  or  5  inches  in  diameter. 
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The  terrace  is  cut  distinctly  beneath  tlie  Lafayette-capped  upland, 
and  its  pebbles  are  larger  than  those  of  the  near-by  Lafayette  gravels, 
so  that  it  seems  younger  than  the  Lafayette. 

A  few  feet  of  Columbia  sand  and  surface  loam  overlie  the  Lafay- 
ette and  form  the  actual  surface  of  the  upland. 

The  alluvium  is  a  very  narrow  strip  ah^ng  Tennessee   and  Ohio 

rivers,  and  is  regarded  by  the  writer  as  entirely  Recent  in  origin. 

It  has  been  correlated  with  the  Port  Hudson,  but  reasons  have  been 

given  on  page  49  for  believing  that  the  Port  Hudson  docs  not  extend 

,  so  far  north. 

Water  resources, — There  are  a  number  of  permanent  streams  in  the 
county.  Clarks  River  crosses  the  east  end  and  Mayfield  Creek  the 
southwestern  part,  while  a  number  of  small  streams  rise  in  the  county 
and  flow  northward  into  the  Ohio  or  the  Tennessee.  Along  these 
streams  springs  are  numerous,  but  they  are  utilized  to  only  a  limited 
extent.  Most  of  the  water  supply  of  the  county  is  from  w^ells  and 
cisterns.  In  the  terrace  belt  the  water  found  in  the  underlying  gravel 
is  hard,  and  the  silty  material  over  it  is  not  firm  enough  to  keep  cistern 
walls  from  cracking  and  letting  water  seep  into  them.  In  tliis  area 
exploration  for  deeper  waters  should  be  made.  In  most  places 
within  it  the  dark  Porters  Creek  clay  will  j)robably  be  found  beneath 
the  terrace  gravel.  This  should  be  drilled  through  and  careful  watch 
kept  for  a  bed  of  sand  in  the  underlying  Ripley  coarse  enough  to 
be  checked  by  a  strainer.  If  this  is  not  found,  the  bottom  of  the  Rip- 
ley should  be  reached  at  a  de])th  of  300  to  400  feet  or  less,  and  water 
would  probal)!}^  be  found  there  or  in  the  broken  Paleozoic  chert  that 
underlies  the  embay ment  deposits  in  this  re<]:it)n.  On  the  uplands 
wells  go  from  20  to  150  feet  before  reaching  underground  \vater,  and 
in  many  places  cisterns  are  Uvsod  instead. 

At  Grahamville  water  is  obtained  almost  entirely  from  drilled  wells. 
It  is  said  to  be  very  satisfactory  as  to  (iiiahty  and  quantity.  There 
are  very  few  cisterns  and  practically  no  s|)rings. 

At  Massac  water  is  struck  in  sand  at  (le])ths  of  100  to  120  feet. 

At  Maxonniill  tlicMv  are  a  number  of  hue  springs.  Wells  average 
from  20  to  40  feet  deej)  and  an*  either  bored  or  dug.  One  dug  in  the 
flats  of  Massac  (Veek  and  described  by  Loughridge"  reached  the 
Porters  Creek  clay  at  IS  feet  fn)in  tlu*  surface  and  ]>assed  through  it 
and  into  Kiplcy  sand  at  a  dc^pth  of  1  \i\  feet,  when  the  water  rose  60 
feet,  l)ut  contained  so  much  sul[)hureted  hydrogcMi  that  it  vv^as  unfit 
for  use. 

Paducah,  elevation  of  low  water  2S4  feet,  liigh  water  334  feet,  aver- 
age town  (4evation  about  341  fe(»t,  is  uiuleilain  by  from  a  few  feet  to 
30  or  40  feet  of  sihy  nniterial  and  that  by  20  or  30  feet  of  rounded 
gravel  in  wliich  water  is  abundant  but  hard  and  chalybeate,  besides 

"Jackson  I'urclmso  Rogion.  isss,  p.  J.'WJ. 
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beino:  probably  contaminated  by  organic  matter  from  the  surface. 
Numerous  cisterns  have  been  built,  but  they  ahnost  invariably  settle 
somewhat  and  crack  enough  to  let  in  seepage  water.  The  city  w^ater 
supply  is  pumped  from  Ohio  River  into  a  standpipe  that  gives  a  pres- 
sure of  40 'pounds,  w^hich,  in  case  of  fire,  is  increased  to  100  pounds  by 
direct  pressure.  Tlie  daily  consumption  is  about  2,200,000  gallons. 
A  well  at  the  old  vinegar  w^orks  has  the  following  log:** 


Ijog  ofvteU  at  vinegar  ux)r1cHy  Paducah,  Ky. 


L.oam  or  heavy  yellowish  clays { 

Gravel 

Blaekish-bluo  clay 

Colored  sand 

Black ish-bUie  clay 

Fine  white  sand  to  water 


Thickness. 

Depth. 
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A  w^ell  was  bored  about  1888  at  Paducah  for  gas  and  abandoned  at 
a  depth  of  1,250  feet.     The  log,  as  given  by  Loughridge,^  is  as  follows: 

Log  of  boring  for  gas  at  Paducah,  Ky. 


--       
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I*ost  Lafayette: 

Mieae<!OU8  brownish  surfact*  loam 

Rounded  chert  and  quartz  gravel 
Ripley: 

Fine  micaceous  sand  and  eh 
Mississippian: 

D<4bri8  of  whit«^  and  dark  chert,  hyaline  sand,  pyrites,  and  smoky-quarts 
crystals.  Thi'  low«?r  18  f<i*t  is  wmented  by  a  bright-n»d  iron  ocher,  and 
holds  numerous  crinoids,  bryozoa,  and  plates  and  spines  of  thuechinoid 
A  Tchxoridaris 

White,  porous,  and  slightly  calcareous  rotrk:  also  containing  many  cri- 
noids, bryozoa.  and  «>chinoids 

Dark  impure  limestone,  with  some  crinoids  and  bryozoa.  fragments  of 
cemented  calcareous  material,  and  a  small  Hat  mass  of  quartz  crystals; 
the  roi'k  is  cavernous 

Limestone  and  siliceous  rwk.dark  and  light  colort'd;  some  calc  spur:  crin- 
oids, cyathophylloid  corals,  and  pyrites  in  lower  ponion;  rock  is  cav- 
ernous   

Dark  calcareous  shale,  ])lue  marl,  and  sand,  with  small  crinoids,  .^pln^•8, 
and  plates  of  A  rchseocidaris,  and  i-yathophylloid  corals 

White  calcareous  shale,  >*ith  calc  spar,  pyrites,  and  a  few  crinoids 

Blue  limestone,  with  crinoids;  a  pentp'niit^^  l)rought  up  from  upp<T  por- 
tion   

Blue  limestone,  with  crinoi<ls;  this  Uvl.  with  tln<  lower  portion  of  that 
above,  is  pt^rmeated  with  cracks  filled  with  sand,  etc.,  to  bottom  of  ]>or- 
ing 
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At  Ragland  a  water  supj)ly  is  derived  from  wells  which  range  from 
35  to  65  feet  in  depth.  f 

Woodville,  ek^vation  423  feet,  depends  mainly  on  cisterns.  A  few 
2-inch  wells  go  about  140  feet  deep  and  get  water  from  sand.  It 
contains  some  iron.     The  loy:  is  as  follows: 


al^ughridge,  K.  IF.,  op.  cit.,  p.  -».')<). 


fcOp.  cit.,pp.  ;ttl-32(i. 
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LogofweUat  WoodvilUy  Ky. 


Clay 

Cement  gravel 

Loose  gravel 

White  chalk 

Sand,  bowlderH.  and  streaks  of  pipe  clay . . 
Sand,  rod  at  top,  then  yellow,  then  white. 
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MARSHALL   COUNTY. 

Topography. — The  northern  and  eastern  boundaries  of  Marshdl 
County  are  formed  by  Tennessee  River.  Its  area  is  332  square  miles. 
Along  the  Tennessee  there  is  a  very  narrow  flood  plain.  Rising  25 
to  35  feet  above  it  is  an  old  flood  plain  or  terrace  from  1  to  2  miles  b 
width,  which  is  merely  a  continuation  of  the  terrace  not^d  along  Ohio 
River  in  Ballard  and  McCracken  counties  and  which  has  an  eleva- 
tion in  the  northwestern  part  of  the  county  of  about  340  feet  and  in 
the  southeastern  part  of  about  350  feet.  This  same  old  terrace  level 
forms  the  valley  of  East  Fork  of  Clarks  River,  which  flows  north- 
westward across  the  middle  part  of  the  county.  This  valley  has  an 
average  width  of  a  mile  or  more.  The  remainder  of  the  countv  k 
an  upland  which  is  almost  level  in  the  parts  remote  from  streams, 
but  which,  especially  along  the  border  adjacent  to  the  Tennessee 
River  Valley,  is  hilly  and  much  broken  by  the  numerous  small  stream^ 
flowing  into  tlio  Tennessee.  It  is  also  somewhat  broken  along  either 
side  of  tlie  valley  of  East  Fork  of  Clarks  River.  The  upland  slope^ 
gently  northward  and  nearly  all  of  tlie  drainage  is  northward,  lb 
average  elevation  is  l)etween  425  and  450  feet. 

(reolofjy. — A  slrij)  of  Paleozoic  liniestone  lying  along^  the  eastern 
side  of  llie  county  has  a  width  of  4  to  6  miles  west  of  Tennessee  River. 
Only  the  ])ortion  of  the  county  west  of  tliis  strip  belongs  to  the  era- 
bayment  regicm.  Tlie  formations  represented  in  it  are  the  Riplev. 
Porters  Creek,  Lafayette,  Columl)ia,  and  alluvium. 

The  Riplev  extends  from  tlie  valley  of  East  Fork  of  Clarks  River 
eastward  to  the  Paleozoic  area  and  forms  a  belt  about  4  miles  wide 
in  the  southern  part  of  the  county  and  G  miles  wide  in  the  northern 
|)art.  It  consists  of  line  micaceous  sands  and  interlaminated  dark- 
gray  clays  that  contain  lignitic  matter  in  places.  Excellent  expi>- 
surcs  may  l)e  seen  at  Snow  llill,"T)n  the  eastern  side  of  Clarks  River 
Valley,  along  the  road  from  Benton  to  Briensburg.  Aw-ay  from  the 
stream  cuttings  the  Ki|)ley  is  concealed  hy  the  overlying  gravels  and 
sandy  clay  l>clonging  to  the  Lafayette  and  Columbia,  but  is  reached 
on  the  upland  east  of  Clarks  River  at  depths  of  40  to  50  feet  in  welh 
The  thickness  of  the  formation  here  is  not  known,  but  is  probably 
between  1>()()  and  300  feet. 
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The  Porters  Creek  clay  overlies  the  Ripley  on  the  east  and  extends 
from  East  Fork  of  Clarks  River  westward  across  the  remainder  of  the 
-county.  It  is,  as  usual,  a  joint  clay  and  is  almost  black  when  wet, 
but  li^ht  ^ray  when  dry.  With  it  there  are  some  greensand  and 
some  fine  silty  sand,  which  is  usually  indiu'ated  into  a  sandstone  or 
mudstone.  It  is  exposed  only  along  the  stream  valleys.  The  writer 
had  no  opportunity  to  examine  its  outcrop  west  of  West  Fork  of 
Clarks  River,  but  accepts  its  presence  there  as  far  west  as  Pritchard, 
Graves  County,  on  the  authority  of  Loughridge.  Along  and  east  of 
West  Fork  it  is  typically  developed.  The  Porters  Creek  belt  is 
peculiar  in  this  region  in  being  much  broader  in  surface  exposure 
than  it  is  elsewhere  in  Kentucky  or  Tennessee.  The  width  reached 
is  12  or  14  miles. 

The  Lafayette  has  at  its  base  a  variable  thickness  of  gravel,  which 
grows  heavier,  as  a  rule,  to  the  east  and  is  in  many  places  cemented 
into  an  ironstone  conglomerate.  Above  the  gravel  there  are  usually  # 
10  or  15  feet  of  red  sand  or  sandy  clay,  which  also  belongs  to  the 
Lafayette.  This  is  usually  overlain  by  a  few  feet  of  leached  surface 
clay  or  loam  that  probably  represents  the  Columbia.  In  places  this 
loam  has  some  reworked  gravel  at  its  base.  The  Lafayette  and 
Columbia  together  usually  have  an  aggregate  thickness  of  30  to 
40  feet,  and  on  the  uplands  completely  conceal  the  underlying 
formations. 

Water  resources, — While  the  larger  streams  flow  the  year  round, 
many  of  the  smaller  ones  go  dry  in  the  fall.  Springs  are  numerous 
along  the  stream  valleys,  but  elsewhere  are  scarce  or  entirely  absent. 
Ponds  are  used  in  many  places  for  watering  stock.  The  domestic 
supply  is  derived  from  wells  and  cisterns,  the  latter  being  perhaps 
the  more  common.  Water  may  generally  be  obtained  along  the 
valleys  at  depths  of  20  to  40  feet  and  on  the  upland  at  35  to  40  feet 
in  many  places  at  the  base  of  the  Lafayette.  Wells  often  go  dry  in 
the  summer,  and  there  seems  to  be  a  general  impression  that  since 
the  1886  earthquake  they  have  been  more  liable  to  go  dry  than 
before.  This  same  opinion  has  been  met  with  elsewhere  in  the  region, 
but  nowhere  was  it  found  so  strong  as  in  this  county.  It  is  probable 
that  this  earthquake  may  have  produced  slight  cracks  in  the  hardpan 
ironstone  crusts  which  locally  form  water-containing  basins  at  the 
base  of  the  Lafayette  and  that  the  dowTiward  seepage  tlirough  these 
cracks  is  great  enough  to  cause  the  basins  to  be  more  readily  drained 
during  dry  seasons  than  formerly,  and  hence  to  cause  the  wells  to  go 
dry  more  readily.  Where  a  well  failed  altogether  after  the  earth- 
quake, it  would  seem  evident  that  the  fissures  produced  were  so  large 
that  the  local  basin  could  no  longer  hold  water,  but  was  drained 
down  into  the  dry  sands  beneath. 

In  the  region  underlain  by  the  Porters  Creek  if  water  is  not  struck 
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at  the  base  of  the  overlying  Lafayette  the  well  is  generally  aban- 
doned and  a  cistern  dug.  In  many  places  farms  have  both  wells  and 
cisterns.  On  the  uplands  east  of  East  Fork  of  Clarks  River  the  depth 
to  water  in  the  Ripley  sand  is  in  many  places  60  to  100' feet  or  naore, 
and  in  much  of  that  region  cisterns  are  used  exclusively  for  domestic 
supply  and  ponds  for  stock. 

At  Benton,  elevation  368  feet,  water  is  obtained  mostly  from  cis- 
terns. Wells  are  often  dug  and  in  some  places  reach  water  at  a 
depth  of  36  or  40  feet  above  the  black  or  dark-gray  Porters  Creek 
clay.  Such  wells  prove  satisfactory.  If  this  clay,  usually  described 
as  a  black  or  blue  mud,  is  encountered,  the  well  is  abandoned,  as 
water  from  it  is  hard  and  astringent. 

In  the  country  west  of  Benton  wells  average  35  to  40  feet  deep 
and  get  water  at  or  just  above  the  base  of  the  Lafayette  gravel. 
Such  water  is  in  some  wells  found  to  be  hard  and  in  others  soft.  The 
supply  is  usually  limited,  and  the  well  may  go  dry  in  late  sunmier. 
In  other  places  no  water  is  obtained  above  the  Porters  Creek  clay, 
and  resort  is  had  to  cisterns.  These  are  perhaps  scarcely  as  mmier- 
ous  as  wells.  Probably  40  or  45  per  cent  of  the  people  use  them, 
while  many  have  both  cisterns  and  wells. 

Brewer  is  well  supplied  with  ordinary  wells  of  30  to  50  feet  depth 
and  springs  which  bubble  out  along  the  foot  of  the  hills  bordering 
the  valley  of  West  Fork  of  Clarks  River. 

At  Briensburg  cisterns  are  used  exclusively.  In  the  country 
around  cisterns  are  the  common  source  of  supply.  Wells  are  rare 
because  of  the  depth  to  the  Ripley  sand  and  the  uncertainty  of  get- 
ting water  in  it. 

At  Coy  water  is  supplied  by  wells  30  or  40  feet  deep. 

At  Fairdealing  there  are  a  few  springs,  and  some  wells  that  average 
35  to  50  feet  deep,  but  furnish  only  a  small  amount  of  water.  Most 
people  have  cisterns.  The  springs  are  at  the  foot  of  bluffs  along 
streams,  and  are  mostly  chalybeate. 

At  Fristoe,  elevation  352  feet,  there  are  no  wells  or  springs;  cis- 
terns are  used.  From  its  location  in  the  valley  of  Clarks  River,  it 
should  be  an  easy  matter  to  bore  or  drive  a  well  through  the  *' soap- 
stone'*  or  Porters  Creek  clay.  While  much  of  the  Ripley  sand  is  too 
fine  to  be  water  bearing,  yet  some  beds  are  usually  found  in  it  coarse 
enough  to  hold  an  abundance  of  water,  and  as  a  ti\st  with  a  driven 
well  is  not  expensive,  it  would  be  well  wortli  niakinor. 

At  Harvey  water  is  obtained  from  wells  25  to  50  feet  deep.  In 
some  places  the  Porters  Creek  day  is  struck  before  water  is  reached, 
and  then  the  well  is  abandoned  and  a  cistern  substituted.  In  the 
country  just  north  of  Harvey  cisterns  are  used  exclusively.  Wells 
do  not  go  dry,  but  usually  have  weak  flows.  8oni(»  yield  hard  water 
and  some  soft,  according  to  the  nearness  or  remoteness  ol  the  under- 
lying Porters  Creek  clay. 
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At  Oaklevel  water  is  obtained  entirely  from  shallow  wells. 

At  Palma  cisterns  arc  used  almost  exclusively. 

At  Paul  there  are  a  few  springs,  but  the  main  water  supply  is 
obtamed  from  wells  50  to  75  feet  deep. 

At  Scale  there  are  numerous  springs,  wells,  and  cisterns.  Wells 
in  low  places  run  about  20  feet  deep;  on  high  ground  they  are  50  to 
60  feet.     Springs  are  considerably  used  for  domestic  supply. 

At  Tatumsville  cisterns  are  used  almost  exclusively  for  domestic 
supply  and  ponds  for  watering  stock. 

MINERAL   WATERS   OF    WESTERN    KENTUCKY. 

Britts  Spring,  at  Stubblefield,  Graves  County,  flows  from  the 
bottom  of  a  bluff  near  a  creek  and  forms  along  its  course  a  reddish 
or  yellowish  deposit  of  iron  hydrate,  such  as  is  so  characteristic  of 
chalybeate  waters.  The  water  is  reported  by  the  owner  to  contain 
314  parts  per  million  of  solid  matter,  mainly  carbonates  of  iron  and 
calcium.  It  has  some  carbonate  of  magnesia,  traces  of  the  sulphates 
and  clilorides  of  sodium,  potassium,  and  magnesium,  and  a  good 
deal  of  organic  matter.  It  is  said  to  be  beneficial  in  malarial  and 
stomach  troubles. 

Nick  Combs  Spring  is  at  the  foot  of  the  Mississippi  River  bluffs, 
4  miles  southwest  of  Hickman,  Fulton  County.  There  are  no  hotel 
accommodations,  but  the  spring  has  long  been  known,  and  people 
afflicted  with  kidney  or  stomach  troubles  go  there  in  the  summer 
and  camp  out.  The  water  is  chalybeate.  Rheumatism,  especially, 
is  said  to  be  benefited  by  its  use.  Dr.  Robert  Porter,  chemist  of  the 
Kentucky  Geological  Survey,  reports "  it  to  contain  free  carbonic 
acid  and  302  parts  per  million  of  salts.  **  These  consist  of  iron, 
manganese,  lime,  and  magnesia  carbonates,  with  some  lime  and 
magnesia  sulphates.'' 

Kilgore  Spring,  2  miles  south  of  Blandville,  Ballard  County,  is 
reported  by  Doctor  Peter,  as  quoted  by  Loughridge,  to  yield  a  slightly 
chalybeate  and  alkaline  saline  water  and  to  contain  64  parts  per 
million  of  solids.  These  consist  of  carbonates,  chlorides,  and  sul- 
phates of  iron,  soda,  lime,  and  magnesia,  with  a  trace  of  lithia  and 
some  silica. 

McGee  Spring,  on  Hurricane  Creek,  southeast  of  Blandville,  Ballard 
County,  is  reported  by  Doctor  Peter  to  give  a  good  alkaline  saline 
chalybeate  water  containing  1,645  parts  per  million  of  solids  and 
only  a  trace  of  organic  matter.     His  analysis  is  as  follows:* 


o  Loughrjdpo,  R.  II.,  Jackson  Purchaati  Region,  188S,  p.  137. 
''  Loughridpo,  op.  cit.,  p.  138. 
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Analynia  of  water  from  McGee  Spring,  Ballard  County  j  Ky. 

Parts  per 
million. 

Silica  (SiOj) 240 

Iron(Fe) 182 

Calcium  (Ca) 67 

Magnesium  (Mg) 47 

Sodium  (Na) 244 

Potassi  um(K) 50 

Carbonate  radicle  (CO3) 590 

Sulphate  radicle  (SO4) 62 

Chlorine  (Ci) 163 

1,645 

At  Sedalia,  Graves  County,  there  is  a  iiiineral  well  133  feet  deep  at 
which  a  hotel  has  been  erected  for  the  accommodation  of  guests. 
An  analysis  of  the  water  by  A.  M.  Peter  shows  it  to  contain  77.1 
parts  per  million  of  solids,  *^  nearly  half  of  which  is  organic,  the  rest 
consisting  of  carbonate  of  iron  and  silica,  with  small  (quantities 
of  carbonates,  sulphates,  and  chlorides  of  calcium,  magnesium, 
and  sodium  and  traces  of  potassium  and  lithium  compoimds/' 

Water  Valley  well,  at  Water  Valley,  Graves  County,  yields  a  sul- 
phate saline  water  ccmtaining,  according  to  an  analysis  by  A.  M. 
Peter,  3,422  parts  per  million  of  solids,  composed  of  sulphates  of 
calcium,  magnesium,  and  manganese,  a  little  chloride  of  sodium,  and 
traces  of  the  sulphates  of  strontium,  potassium,  and  lithium,  and 
ha^^ng  a  decidedly  acid  reaction.  It  is  recommended  especially  in 
diseases  of  the  stomach,  liver,  kidney,  and  bowels. 

The  water  from  Wickliffe  artesian  well,  at  WicklilTe,  Ballard 
County,  a  descripticm  and  analysis  of  which  are  ^iven  on  page  125, 
has  earned  a  reputation  of  being  very  vahiable  in  kidney  disorders, 
having  ma(k%  as  reported,  remarkabh*  cures  in  some  serious  cases. 

RESOURCES  OF  SOUTHERN   ILLINOIS. 

Area  included . — The  Cretaceous  and  KoctMie  (Mubayment  deposits 
in  Illinois  are  conlined  to  Alc^xandcr,  Massac,  l^uhiski,and  Pope 
counties,  in  the  extreme  southern  part  (f  tlic  State.  Later  surficial 
deposits  of  gravels,  loess,  and  loam  (^xlciid  beyond  llicse  counties,  but 
do  not  present  hydrogra[)hic  probhMus  that  wculd  warrant  their 
inclusion  and  discussion  here.  Since  ohstM'vat  ions  wctc  not  made 
in  as  much  detail  lu»re  as  clscwluM*e,  these  c«!untics  will  not  be  dis- 
cussed separately,  hut  all  th(^  data  ohtaiuiMJ  will  he  driven  together. 

B(M"ause  of  the  pres(»uce  of  the  loess,  Lafayette,  <;r  alluvium  over 
almost  the  entire^  (MnbayiiKMit  area  of  soutluM'n  Illinois,  it  is  difhcult 
to  give  accurately  tlu*  outlines  of  the  arcMi  so  included.  The  bound- 
ary may.  however,  be  approximately  traccnl  as  follows:  Beginning 
on  the  east  at  Xew  I^iberty,  on  Ohio  KivcM*  in  Lojx^  County,  tlie  edge 
of  the  embayment  deposits  as  they  overlap)  the  Mississippian  rocks 
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runs  northwestward  just  north  of  the  Pope-Massac  County  line  for 
12  miles  or  more  and  then  continues  almost  coincident  with  this 
county  line  until  within  a  mile  or  two  of  the  chain  of  swamps  in 
northern  Massac  County.  It  then  curves  southwestw^ard  and  west- 
ward parallel  and  1  to  2  miles  south  of  this  chain  of  swamps  and  the 
westward  continuation  of  the  same  low  valley,  cmce  occupied  by 
the  Ohio,  but  now^  by  the  Cache,  \mtil  it  crosses  the  Cache  at  Ullin. 
It  continues  its  westw^ard  course  4  or  5  miles  west  of  Ullin,  and  then 
curves  southw-estward  until  near  the  northern  end  of  Horseshoe  Lake. 
Thence  it  turns  westward  and  reaches  Mississippi  River  at  Santa  Fe. 
The  area  thus  included  is  about  480  square  miles. 

Topography. — The  region  may  be  divided  topographically  into 
three  parts.  The  first  is  the  present  low  flood  plain  of  Mississippi, 
Ohio,  and  Cache  rivers.  The  second  is  a  higher,  older  flood  plain 
corresponding  to  the  terrace  level  found  south  of  the  Ohio  in  Ken- 
tucky. In  some  places  the  edge  of  this  old  plain  is  well  marked, 
while  in  others  it  seems  to  rise  irregularly  from  the  lower  bottom. 
It  is  most  prominently  developed  on  the  Ohio  in  Massac  Coimty 
above  Metropolis.  The  third  part  is  the  rolling  to  hilly  upland  sur- 
face, the  average  elevation  of  which  is  probably  near  400  feet. 

Geology. — The  formations  found  within  the  area  are  the  Ripley, 
Porters  Creek,  Lagrange,  Lafayette,  loess,  and  alluvium.  In  addi- 
tion, the  underlying  Paleozoic  rock  that  forms  the  floor  of  the 
embayment  region  outcrops  in  a  few  places  near  the  edge  of  the 
area  and  in  Ohio  River  at  Grand  Chain,  wiiere  it  is  evidently  faulted. 
It  is  also  reached  in  the  few  places  where  deep  w  ells  have  been  sunk. 

The  surficial  covej:ing  so  thoroughly  conceals  the  embayment 
formations  that  it  is  impossible  to  give  with  any  great  accuracy 
their  areal  extent  without  nmch  detailed  work,  and  even  then  exten- 
sive boring  would  very  i)robably  be  necessary  to  accurately  delimit 
them.  It  may  be  said,  however,  that  the  Ripley  underlies  the  loess 
and  Lafayette  probably  over  a  snudl  area  in  the  south  end  of  Pope 
County  and  over  all  of  Massac  County  included  within  the  embayment 
region.  Along  its  northern  edge  it  is  rather  thin,  and  ordinary  wells 
occasionally  go  through  it  and  enter  the  Paleozoic  rock,  here  usually 
a  limestone.  The  Ripley  consists  of  interbedded  clays  and  sands. 
The  clays  are  either  light  colored  and  plastic,  in  which  case  they  may 
be  mined  for  pottery  use,  or  dark  blue  or  brown,  from  disseminated 
organic  matter  or  lignite.  Occasionally  (me  of  these  dark-blue 
clays  struck  in  ordinary  wells  is  fetid,  probably  from  hydrogen  sul- 
phide. The  sands  are  in  most  cases  fine  grained.  Here  and  there 
a  coarse  bed  is  stiiick,  and  at  the  base  of  tlie  formatitm  there  is 
reported  to  be  a  gravel  and  cobble  bed  forming  a  basal  ccmglom- 
erate.  This  fonnation  is  exposiul  in  various  places  between  Grand 
Chain  Landing  and  New  Grand  Chain  and  between  Metropolis  and 
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New  Columbia,  and  is  very  similar  lithologically  to  the  Lagrange 
formation  as  typically  developed  in  Tennessee.  In  the. clay  pits 
at  Grand  Chain  Landing  the  clays  contain  leaf  impressions.  The 
Ripley  probably  forms  most  or  all  of  the  exposures  of  sand  and  clay 
to  be  seen  along  the  Cache  River  bluffs  below  Ullin. 

The  Porters  Creek  is  exposed  at  the  surface  only  in  the  bluffs  near 
North  Caledonia,  and  even  there  the  exposure  contains  so  much 
sand  and  sandy  clay  that  it  could  not  be  surely  identified  as  Porters 
Creek  were  it  not  for  the  greensand  present.  As  already  stated 
greensand  indicating  marine  conditions  is  found  in  Tennessee  and 
Kentucky  to  be  characteristic  of  the  Porters  Creek,  but  is  entirely 
absent  in  the  Ripley  below  and  in  the  Lagrange  above,  both  of  which 
are  of  nonmarine  origin.  The  Porters  Creek  is  struck  in  the  deep 
well  at  Mound  City  at  a  depth  of  180  feet  and  is  100  feet  thick.  At 
Cairo  it  is  reached  at  a  depth  of  375  feet  and  is  124  feet  thick.  In 
each  case  only  25  feet  of  sand  representing  the  Ripley,  if  the  writer*s 
interpretation  of  the  section  is  correct,  were  found  under  the  Porters 
Creek.  'The  areal  extent  of  the  formation  west  of  the  North  Cale- 
donia exposure  is  not  known.  It  may  have  a  narrow  surface  outcrop 
or  may  be  entirely  concealed  by  the  overlap  of  the  Lagrange. 

The  Lagrange  also  is  poorly  exposed  in  Illinois,  but  from  exposures 
and  well  sections  in  Kentucky  a  short  distance  south  of  Cairo  it  seems 
practically  certain  that  its  base  is  reached  in  the  Cairo  weUs  at  a 
depth  of  375  feet  and  at  Mound  City  at  a  depth  of  180  feet.  Since 
it  is  not  much  different  lithologically  from  the  Ripley,  both  being 
nonmarine,  more  or  less  lignitic  sands  and  clays,  it  is  possible  that 
at  least  a  portion  of  the  sand  and  clay  found  north  of  Grand  Chain 
and  Metropolis  may  really  belong  to  the  Lagiange,  having  over- 
lapped the  Porters  Creek  outcrop.  While  field  exposures  might  fail 
to  settle  the  question  thus  raised,  it  should  be  capable  of  easy  solu- 
tion from  the  paleobotanical  evidence  in  the  shape  of  leaf  impressions 
which  the  clays  in  that  border  region  would  furnish.  Unfortimately 
no  such  study  has  yet  been  made  of  these  deposits. 

The  Lafayette  contains  its  customary  (|Uota  of  chert  gi-avel,  and 
a  larger  proportion  of  it  than  usual  is  cemented  by  limonite  into  an 
ironstone  conglomerate.  It  is  found  on  tlie  uplands  wherever  stream 
cuttings  or  railway  excavations  have  gone  below  the  loess  and  is 
seen  along  the  bluffs  of  the  Ohio  in  a  few  j)]aces.  At  Metropolis 
and  just  above,  at  old  Fort  Massac,  a  well-cemented  ironstone  con- 
glomerate is  exposed  at  or  near  water  level  and  extends  below  it. 
This  material  possesses  apparently  all  the  characters  of  the  Lafa- 
yette and  may  be  of  that  age,  but  the  ease  with  wiiich  gravels  of 
even  very  recent  age  may  become  cemented  into  a  firm  ironstone 
that  looks  very  much  like  typical  Lafayette  gravel  was  forcibly  im- 
pressed on  the  wTiter  some  time  since  during  a  trip  down  Tennessee 
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River,  and  so  he  prefers  to  regard  the  age  of  these  conglomerates 
in  the  Ohio,  while  probably  Lafayette,  as  not  clearly  proved. 

On  the  uplands  the  loess  mantles  everything  in  Pulaski  County, 
and  it  is  also  found  in  numerous  places  in  the  western  part  of  Massac 
County  from  Metropolis  northward,  though  much  thinner  than  in 
Pulaski  County. 

The  alluvium  occurs  in  the  low  plain  of  Mississippi,  Ohio,  and 
Cache  rivers. 

Water  resources, — Springs  and  small  streams  are  not  very  abundant 
in  the  region,  and  ponds  are  commonly  in  use  for  stock.  The  domestic 
supply  is  derived  from  wells  and  cisterns.  Water  from  wells  on  the 
uplands  varies  much  in  quality  and  in  depth.  It  is  hard  or  soft, 
according  to  the  presence  or  absence  of  the  loess.  In  some  places 
it  is  inconveniently  deep  and  in  a  few  instances  it  is  reported  as 
foul  smelling.  In  many  cases,  however,  good  water  is  obtained  in 
open  wells  and  a  large  number  of  such  wells  are  in  use.  Some 
farmers  have  wells,  cisterns,  and  ponds.  In  the  alluvial  region  the 
shallow  water  is  hard,  and  at  Cairo  and  Mound  City  deep  wells 
have  been  put  down  that  furnish  an  abundance  of  water  suitable 
for  most  purposes. 

At  America,  Pulaski  County,  wells  of  moderate  depth  and  cisterns 
are  used.  Two  miles  to  the  west,  on  what  is  probably  an  extension 
of  the  terrace  plam,  wells  run  25  to  30  feet  deep  and  give  hard  water. 
The  section  is  entirely  through  clay,  and  it  seems  that  deeper  wells 
fail  to  find  Lafayette  gravel,  showing  that  probably  it  had  been  cut 
out  before  the  clay  was  deposited.  The  clay  is  very  likely  the 
equivalent  of  the  loess  on  the  hills  farther  north.  These  hills  rise 
40  to  60  feet,  and  in  them  wells  strike  hard  water  at  depths  of  30  to 
40  feet  in  the  Lafayette  gravel  beneath  the  loess.  Some  wells  go 
through  this  gravel  and  get  water  at  greater  depth  in  what  is  probably 
Ripley,  though  it  may  be  overlapping  Lagrange.  The  quality  of 
the  water  would  be  about  the  same  in  either  case. 

One  and  tliree-fourtlis  miles  south  of  Belknap,  Johnson  County, 
on  the  bayou,  a  driven  well  entered,  at  a  depth  of  12  feet,  a  sand 
that  was  somewhat  quick  and  contained  lignitic  streaks  and  gravel 
layers  at  intervals.  It  was  sunk  to  116  feet,  when  the  pipe  proved 
too  weak  to  drive  farther  and  the  well  was  abandoned.  Water  rises 
112  feet  in  it.  This  shows  a  considerable  depth  of  soft  material, 
probably  largely  or  entirely  alluvial,  in  the  abandoned  channel  of 
the  Ohio  at  this  locality. 

At  Cairo,  Alexandria  County,  elevation  of  extreme  low  water 
267  feet,  of  high  water  321  feet,  and  of  union  depot  313  feet,  water 
is  struck  in  sand  and  gravel  deposits  underneath  the  surface  clay  at 
a  depth  of  about  50  feet.  It  is  hard  and  otherwise 'objectionable 
from  a  sanitary  point  of  view.     Cisterns  were  formerly  used,  butj 
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difficulty  was  experienced  in  preventing  tlieni  from  cracking  and 
letting  in  seepage  water.  Tlie  city  water  supply  is  obtained  from 
Ohio  River.  It  is  pumped  at  the  rate  of  about  2,000,000  gallons 
per  day  into  a  standpipe  1(50  feet  higli.  The  water  contains  some 
lime  and  scales  somewhat.  One  firm  heats  water  for  boiler  use  to 
between  186°  and  206°  F.,  and  thus  precipitates  most  of  the  calcium 
carbonate. 

In  and  near  Cairo  several  deep  wells  have  been  sunk.  The  loca- 
tion and  logs  of  several  of  them  are  as  follows: 

The  first  deep  boring  is  at  the  power  station  of  the  Cairo  Electric 
Light  and  Power  Company,  on  lot  29,  city  block  26,  and  was  drilled 
in  1896-97  to  a  depth  of  1,040  feet.  The  diameter  is  10  inches  at 
the  top  and  decreases  to  6^  inches  at  the  bottom.  The  log  is  as 
follows: 

Ijog  of  wdl  of  Cairo  Electric  Light  aruJ  Povrr  Compm.  •/,  Cairo,  III. 


;  Thickness. 


Depth. 

Feet. 


Feet. 

Soil I              4.5  4.5 

Sandy  bliie  clay 50.  5  55 

Sand  and  gravel,  similar  to  ri> er  deposit I  fO  n5 

Sand  with  kaolin  partings 15  i;« 

Kaolin 4  !.•« 

Sand  with  a  low  thin  layers  of  kaolin  un«i  trtice.s  of  shah'  nnd  hgnitv 240  :174 

Shale  or  marl,  slate  colored 124  498 

Very  soft  sand i  20  518 

Partings  of  shale  and  lipnitt^ !              5  52:i 

Chert  or  "Elco"gni vol I  177      ;  7(W 

Chert  pebbles I               5      ,  705 

Hard,  n^ddish  ealcarecms  snn'l^top«•;  no  \viit<r  in  it .iHo  1.040 


From  the  sand  at  49S-olS  feet  water  rose  to  the  surface  and 
flowed  about  a  gallon  a  minute.  Tlie  follow  inir  sanitary  analysis 
of  this  water  was  made  at  the  I'niversity  of  Illinois  by  Prof.  A.  W. 
Palmer: 

Anali/sia  of  irattr  obtained  hefurtn  J/.fS  diui  '>IS  fnf  from  mil  uf  Cairo  Elfctrir  Light  and 

Pom  r  Co/K imnif.  Cniro,  If/. 

Parts  per  million. 

Xiti'<)<^<Mi  a><  fn'c  arninoiiia 0.  3o 

\itro|T:(^n  as  all)iniiiiu»i(l  jinmioMin .  022 

Xit  ro^'-ii  as  nil  ril i  < .  009 

Nit  n)<^.  n  as  nit  rat  -s .  204 

Chlonii.-  a<  .lilorid  s S3 

O.wpMi  coiwuMicd 3.  4 

Total  solids  |)y  i  vaporalioii 3()5 

Fi.\;(l  n".>i(lur 348 

\'olalil"  iiial  t'  r  i  loss  o-i  iiriiitioii  i 17.  1 

CNnnnuMiis  of  analyst:  "Too  nnicli  lime  ten  (\i\ys — had  elapsed 
botwcM'u  ('ojleciion  and  analysis  to  \)v  sun^  of  sanitaiy  condition, 
thouiih  i:  is  probably  satisfactory.  Tl.c  mineral  maiicM*  consists 
mainly  of  carbonate  of  lijiu*,  with  some  sodium  cidoride  and  very 
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little  sulphate.     Not  excessively  hard.     Not  likely  to  form  a  hard 
scale  in  boilers." 

Professor  Palmer  also  analyzed  the  water  from  the  705-foot  level, 
with  the  following  results : 

An€ly9i8  cf  water  from  depth  of  70.5  ft  ft  in  veil  of  Cairo  Electric  Light  and  Power  Company , 

Cairo,  lU. 

[Parts  per  million.] 


0.36 

.02 

None. 

.06 


Nitrogen  as  free  aminonia 0. 36 

Nitrogi'n  as  albuminoid  ummonin .  010 

Nitrogen  as  nitriu?8 i  None. 

Nitropen  as  nitrates I  .06 

Chlorine  as  chlorides !  110                   110 

Oxvgen  conpimied 1.4      i               1.2 

Total  solids  by  evaporation I  356                   353 

Fixed  residue 346         I           339 

Volatile  matter  (loss  on  ignition) 10         |            14 

IlardneM ,  116          


Comments  of  analyst:  **0f  exceptional  purity  and  perfectly  safe 
and  wholesome  for  drinking.  Hardness  is  (juite  moderate."  The 
two  samples  were  taken  at  the  same  time. 

The  rialliday  Hotel  well,  on  lot  24,  hotel  addition  to  city  of  Cairo, 
has  practically  the  same  log  as  the  one  given  above.  The  boring 
went  to  824  feet ,  but  there  was  no  increase  of  water  below  the  700-foot 
level.  It  was  drilled  in  1897;  diameter  at  the  top  8  inches,  at  the 
bottom  4 J  inches;  temperature  G2°  F. ;  head  12  feet  above  the  surface. 

A  well  on  the  W.  P.  Halliday  estate,  near  the  mouth  of  Cache 
River,  in  about  the  center  of  the  NE.  }  sec.  2,  T.  17  S.,  R.  1  W.,  in 
Alexander  County,  had  the  following  log: 

Log  ofllaUiday  well  in  the  NE.  \  sec.  i?,  T.  17  S.,  R.  1  W .,  Illinois. 


Thickness. 

Depth. 

Feet. 

40 

Feet. 

40 

'       104 

144 

112 

256 

54 

310 

1       72 

382 

::::.:::. ..:..:.:i    lo 

392 

;       34 

426 

42 

468 

!       62 

730 

7 

737 

60 

806 

Soil  and  blu«  clay  (buckshot) 

Sand  and  gravel;  drift  v.ith  kaolin  partings 

Brown  shale  or  marl 

Gray  sand 

Chert,  fracturwl— "flint  rock" 

Dark-brown  sand 

Chert,  fractured  -'•flint  rock'' 

White  sand 

Flint  rock  with  slight  fniotums 

Flint  pebbtes 

FUnt  rock 

From  the  last  7  feet  water  with  a  head  of  12  feet  flows  at  an  esti- 
mated rate  of  half  a  milHon  gallons  a  (hiy.  There  was  no  increase 
in  water  below  735  feet.     Drilled  in  ISOS;  temperature  02°  F. 

Another  well  at  E.  W.  Halliday  s  residence  on  lot  16,  block  70, 
between  ninth  and  tenth  and  Walnut  and  Cedar  streets,  in  Cairo, 
had  the  following  log: 
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Log  ofu?ett  at  residence  ofE.  W.  IlaUiday,  lot  16,  block  70,  Cairo,  lU. 


Soil  and  friable  blue  clay  (lows  or  terraotO 

White  sand  with  thin  partings  of  kaolin  (Lagrange) 

Gray  shale  or  mart  (Tortera  Creek) 

Fine,  closelv  eompacti'd  white  sand  (Ripley) 

Flint  rock,  nut  slight  fractures  ( PaU?ozoic» 

Flint  pebbles 

Hard  calcareous  sandstone 


From  the  753-foot  level  there  is  a  flow  of  60  gallons  per  minute, 
with  a  head  of  12  feet  above  the  surface.  The  temperature  is  62**  F. 
Four  hundred  gallons  per  minute  may  be  pumped. 

There  are  other  similar  wells  at  several  manufacturing  establish- 
ments in  Cairo  and  the  records  run  much  the  same.  The  tempera- 
ture seems  to  be  62°  F.  in  each  case  and  the  static  head  is  the  same. 
The  material  described  as  flint  is  a  very  light  colored  chert  of  Mis- 
sissippian  age  that  is  exposed  in  a  150  or  200  foot  face  at  a  quarry 
between  Tamms  and  Elco,  from  which  it  is  extensively  shipped  for 
railroad  ballast  and  road  metal.  In  this  locaHty  it  is  highly  frac- 
tured, so  that  it  is  virtually  of  macadam  size  without  crushing.  As 
struck  in  wells  it  is  in  some  places  massive  and  solid,  while  in  others 
it  is  seamed  and  broken,  and  is  then  called  gravel  by  the  drillers, 
though  in  neither  w^ells  nor  in  the  Elco  gravel  quarry  is  the  material 
waterworn  or  rounded,  being  simply  mechanically  disintegrated  chert 
still  in  place. 

Grand  Chain  station,  Pulaski  County,  is  on  the  upland.  The  sur- 
face is  covered  with  hx^ss  to  a  depth  of  10  to  40  feet.  In  a  few  places 
it  is  cut  through  and  the  Lafayette  gravel  beneath  is  revealed. 
Many  pooph^  use  cisterns.  Water  is  stnick  at  depths  ranging  from 
20  feet  in  low  places  to  So  feet  on  higher  levels.  Much  of  it  is  hard. 
Ponds  are  generally  used  for  stock. 

At  Metropolis,  Massac  County,  wells  in  town  are  from  30  to  50 
feet,  and  end  in  what  seems  to  be  Tiafayette  gravel,  as  it  is  exposed 
near  old  Fort  Massac  at  water  level  in  ledges  that  dip  gently  under 
water  and  reappear  a  mile  up  the  river.  North  of  towm  wells  average 
50  to  60  feet  in  depth,  and  get  water  from  the  Ripley  sand  a  short 
distance  beneath  the  Lafayette  gravel.  In  some  places  wells  have 
been  dug  150  feet  w-ithout  getting  water.  As  a  rule  the  water  is 
soft,  especially  in  the  deeper  wells.  Cisterns  are  easily  excavated 
in  the  soft  loess  that  forms  th(^  surface  and  many  are  used. 

Northeast  and  east  of  Metropolis  water  is  found  at  depths  of  60 
to  125  feet  in  the  Ripley  sands,  where  they  are  not  too  close  grained 
to  furnish  an  adec^uate  supply,  as  is  often  the  case.  Many  cisterns 
are  in  use  in  this  section  of  the  county. 
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At  Mound  City,  Pulaski  County,  there  is  an  8-inch  well  that  flows 
with  a  6-foot  head.  No  analysis  of  the  water  could  be  obtained. 
It  is  fairly  good  for  boilers  and  is  used  for  ice  making  and  general 
town  supply.     The  log  is  as  follows : 


Log  ofujeU  at  Movnd  City,  lU. 

^ 

1 
Thickness.  | 

Depth. 

Surface  clay 

Feet.       1 
20 

160  1 
100 
25  1 
300  1 

Feet. 

20 

Gravpl  and  sand  (Lagrange) 

180 

Bliio  "hale  (l^orters  Crpok^           

280 

Dark  mind  (Ripley) 

305 

*  *  Eico**  gravel  (Paleozoic)  .                                ....           

005 

Limestone 

650 

Round  Knob,  Massac  County,  is  just  south  of  the  swamps  that 
mark  the  old  course  of  the  Ohio  westward  across  the  northern  part 
of  the  county.  Hard  Paleozoic  rock  is  struck  at  depths  of  20  to 
30  feet  and  so  very  few  wells  have  been  put  down.  Cisterns  may  be 
easily  constructed  in  the  loess,  sand,  and  gravel  that  cover  the  old 
hard  rocks  and  they  are  used  almost  exclusively.  In  the  swamps 
to  the  north  water  is  everywhere  near  the  surface  and  is  readily 
obtained  by  driving  a  few  feet  of  pipe  and  attaching  a  small  suction 
or  pitcher  pump,  as  it  is  usually  called.  Needless  to  say  the  quality 
of  this  surface  swamp  water  is  not  the  best. 

At  Tamms,  Alexander  County,  on  a  part  of  the  old  river-terrace 
plain,  water  is  obtained  from  driven  wells  of  18  to  25  feet  depth  in 
river  gravel  and  alluvium.  Some  wells  give  hard  water,  others  soft. 
Cisterns  are  largely  used. 

PROPERTIES  OF  THE  WATER. 

As  might  be  expected  the  underground  waters  of  the  region  dis- 
cussed in  this  paper  vary  much  in  quality,  but  the  variations  are 
caused  chiefly  by  differences  in  the  amounts  of  a  few  substances  that 
are  ordinarily  found  present. 

The  most  common  type  of  water  may  be  described  as  a  pure  water, 
or  one  practically  free  from  mineral  ingredients.  Many  of  the 
springs  and  shallow  w^ells  and  a  number  of  the  deep  wells  furnish 
w^atcr  of  this  clmracter.  This  is  especially  true  of  springs  and  wells 
located  in  the  sandy  formations  such  as  the  Eutaw,  Ripley,  Lagrange, 
and,  in  a  restricted  sense  because  of  its  thinness,  the  Lafayette.  The 
purer  sands  of  these  formations  contain  very  little  that  is  soluble  in 
the  water  that  percolates  through  them  and  hence  it  contains  little 
or  no  dissolved  mineral  matter. 

When  the  sands  are  not  pure  but  contain,  as  they  do  in  certain 
places,  vegetable  matter,  usually  in  the  form  of  lignite,  along  with 
various  chemical  compounds  that  have  resulted  fto\sv  \V^  ^^^vixsc^*^- 
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sition,  the  water  is  apt  to  dissolve  more  or  less  of  these  substances 
and  acquires  thereby  a  mineral  character. 

The  above-mentioned  formations,  with  the  exception  of  the  Lafay- 
ette, contain  beds  of  clay  here  and  there  that  are  generally  lignitic 
and  as  a  result  contain  more  or  less  iron  pyrite.  Water  derived  from 
these  clay  beds  is  always  more  or  less  mineralized,  but  in  many  cases 
is  perfectly  usable  for  most  purposes.  Such  mineral  waters  are 
described  along  with  others  on  page  1 20.  These  clays  exist  either  as 
strata  of  considerable  areal  extent  or  as  local  lenses  embedded  in 
the  sands,  but  though  they  may  be  silty  and  somewhat  porous 
there  seems  to  be  as  a  rule  very  little  circulation  of  water  between 
them  and  the  surrounding  sand.  A  well  ending  in  the  silty  clay 
may  derive  a  scant  or  moderate  supply  of  water  from  it,  and  another 
near  by,  ending  just  above  or  just  below  it,  may  furnish  a  pure 
water  of  very  different  character.  This  is  especially  true  of  local 
lenses  of  clay  or  silt  that  occur  in  the  Lagrange.  They  probably 
represent  either  old  stream  channels  abandoned  and  silted  up  or 
similarly  filled  old  long-shore  lagoons  behind  sand  bars  of  the  con- 
temporary estuar}^  in  which  the  sands  were  then  being  deposited. 
Deep  waters  are  more  apt  to  contain  mineral  matter  than  shallow 
waters  in  the  same  kind  of  material,  because  of  the  many  chances 
for  deep  waters,  in  their  long  underground  course  form  their  entrance 
into  the  beds  to  their  exit  in  wells,  to  come  into  contact  with  soluble 
substances,  and  this  tendency  is  further  increased  by  the  greater 
solvent  powers  tliey  possess  by  hcin<^  under  pressure  during  their 
slow  underground  course.  In  view  of  this  fact  it  is  surprising  that 
so  many  of  the  deep  waters  are  so  pure. 

The  mineral  waters  of  tlie  reirion  come  (Mther  from  the  clays  con- 
tained in  tlie  Eutaw,  Uipley,  or  Lagran^(^  formatiims  or  from  the 
Selma,  Porters  Creek,  loess,  or  alluvium.  TiOcal  clay  beds  may  pos- 
sibly be  struck  in  the  Eutaw,  Kiplev,  and  Lai^range  at  almost  any 
place,  so  lliat  no  <::(M)ij:raphic  bounds  for  such  cases  can  be  stated. 
Wh(M'ever  struck,  however.  <j;o()d  water  may  usually  be  gotten  by 
going  somewhat  (lcc|)cr  and  enterini;  an  un(l(Ml\  ini;-  sand. 

Tiie  areas  of  Selnia.  l^)rtcrs  Creek,  loess,  and  alluvium  may  be 
seen  from  the  geolooic  ma])  (IM.  I,  ]).  2()).  In  the  S(^lma  clay  area  the 
water  is  usually  hard  because  of  the  caJciuni  caibonate  it  contains, 
while  in  the  Porters  Creek  area  it  is  hard  usually  from  the  same  cause 
and  may  contain  in  addition  sulj)hates  of  ir«»n  and  alumina,  which 
make  it  astriuixent  or  like  alum  to  the  tast(\  In  some  places  the 
Porters  Creek  water  contains  so  nnich  sulpluirettMl  liydrogen  that 
both  man  and  bea>t  n^fuse  to  touch  it.  In  the  h)ess  area  the  water 
is  hard  because  of  calcium  carbonate^  (HssoImmI  fioni  the  loess.  In 
the  alluvial  region  the  water  usually  contains  ir(»n  carbonate  or  sul- 
j)}iii1c  nnd  m'y  often  calcium  and  magnesium  carbonate  and  sul- 
phato  in  nddiiion. 
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The  mineral  salts  usually  found  in  the  waters  of  the  region,  then, 
are  calciuni  and  nni<^i]esiuni  carbonate  and  sulphate,  iron  carbonate, 
and  occasionally  iron  sulj)hate.  Carbonic  acid  gas  is  present  in  the 
carbonate  waters  to  hold  the  lime,  magnesia,  and  iron  oxide  in  solu- 
tion, and  sulphureted  hydrogen  is  occasionally  found.  These  and 
and  other  compounds  appear  in  the  chemical  and  sanitary  analysis 
given  in  the  preceding  pages.  They  will  each  be  discussed  briefl\'^ 
here  and  the  way  they  affect  the  (juality  of  the  water  will  be  indicated. 

The  calcium  and  magnesium  carbonate  and  sulphate  render  the 
water  hard.  This  hardness  may  be  removed  by  boiling  or  by  heating 
almost  to  the  boiling  point  when  it  is  caused  by  the  carbonates,  and 
such  water  is  known  as  temporarily  hard.  If,  however,  the  hardness 
is  caused  by  the  sulphates  it  can  not  be  so  readily  overcome  and  the 
water  is  then  said  to  be  permanently  hard. 

When  soap  is  added  to  a  hard  water,  chemical  combination  occurs 
between  the  soap  and  the  carbonates  and  sulphates  and  no  soap  is 
available  for  making  a  lather  to  aid  in  washing  until  all  of  these  salts 
have  thus  entered  into  combination.  In  this  way  much  soap  is 
wasted  and  the  insoluble  compounds  formed  make  a  sticky,  gummy 
precipitate  that  is  disagreeable  and  highly  objectionable.  Hard 
water  is  therefore  undesirable  for  washing  and  laundry  purposes. 

If  the  hardness  is  temporary — that  is,  due  to  carbonates — it  may 
be  removed  by  a  preliminary  boiling  of  the  water,  when  the  free 
carbonic  acid  which  holds  the  carbonate  in  solution  is  driven  off 
and  the  carbonate  is  precipitated.  If  the  hardness  is  permanent, 
or  due  to  sulphates,  it  can  be  removed  only  with  ccmsiderable  more 
difficulty  by  processes  which  are  described  in  the  discussion  of  boiler 
waters  (p.  157).  Most  of  the  hard  waters  of  tlie  region  are  **  tempo- 
rarily hard.^' 

In  cooking,  hard  water  deposits  incnistations  on  the  inside  of 
vessels  in  which  it  is  boiled  and  also  deposits  lime  salts  on  the  vegeta- 
bles or  meats  and  tends  to  darken  vegetables  cooked  in  it.  For 
drinking,  however,  it  is  probably  not  object i(mable  from  a  sanitary 
point  of  view,  though  it  may  impart  a  taste  to  the  water  not  entirely 
pleasant,  and  is  supposed  by  many  to  be  harmful  in  rheumatic  and 
gouty  disorders.  In  certain  diseases  of  the  bowels,  kidneys,  and 
bladder  the  carbonate  of  calcium  is  probably  beneiicial  and  the  car- 
bonate of  magnesium  is  even  more  valuable. 

There  is  comparatively  little  definite  information  as  to  the  effect 
of  hard  water  wIkmi  used  for  stock.  In  some  places  a  good  propor- 
tion of  the  diseases  of  horses  is  attributed  to  their  drinking  hard 
water. 

Iron  carbonate  wlien  lield  in  solution  in  water  by  an  excess  of 
carbonic  acid  is  precipitated  when  the  water  reaches  the  surface 
and  is  allowed  to  stand  for  some  hours,  thus  permitting  the  esca^^o, 
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of  the  carbonic  acid.  The  precipitated  iron  carbonate  decomposes 
and  an  iron  oxide  is  formed,  wliich  may  be  seen  as  a  red  or  yellow  slimy 
incrustation  in  the  vessel  holding  the  water  or  along  its  course  from 
a  spring.  Such  water  is  at  first  clear  and  sparkling.  On  standing, 
it  becomes  more  or  less  opalescent  or  milky  while  the  precipitation 
is  going  on  and  when  this  is  completed  it  is  once  more  clear,  but  is 
no  longer  chalybeate. 

Aside  from  the  lime  and  magnesia  salts  already  mentioned,  iron 
carbonate  is  the  most  widely  distributed  of  the  minerals  in  the 
waters  of  the  region.  Nearly  all  the  "mineral  springs '*  of  the  region 
are  chalybeate.  For  cooking  purposes  such  water  is  objectionable 
because  of  the  discoloration  caused  by  the  precipitated  iron.  It  is 
even  more  objectionable  for  washing  white  clothes,  as  it  stains  them 
yellow  or  brown. 

Iron  is  an  essential  ingredient  of  the  red  corpuscles  of  the  blood 
and  is  also  found  in  various  other  portions  of  the  body.  Chalybeate 
waters  are  valuable  for  drinking  in  cases  of  anemia  and  generally  in 
impoverished  conditions  of  the  blood  arising  from  any  cause. 

Sulphate  of  iron  is  found  in  some  of  the  waters,  especially  in  those 
of  the  Porters  Creek  area.  Such  water  is  astringent  and  tonic,  but 
is  not  so  palatable  nor  so  generally  valuable  as  a  remedial  agent  as 
that  containing  carbonate  of  iron. 

In  the  carbonated  waters  free  carbonic-acid  gas  enables  the  watf r 
to  hold  in  solution  such  carbonates  as  may  be  present.  This  gas 
imparts  to  the  water  an  attractive  sparkle  and  is  an  aid  in  cases  of 
indigestion  and  stomach  disorders.  vSulphureted  liydrogen  is  present 
in  some  springs  and  wells  and  may  be  instantly  detected  by  the  odor 
as  of  rotten  eggs  which  characterizes  it.  Such  water  is  considered 
of  value  in  certain  kidney  and  bowel  troubles  and  in  rheumatism, 
gout,  and  skin  diseases. 

In  sanitary  analyses  judgment  as  to  the  healthfulness  of  any  given 
water  must  be  based  very  largely  on  a  knowledge  of  the  local  condi- 
tions or  surroundings,  and  the  analytical  lindings  should  always  be 
interpreted  by  such  knowledge. 

USES  OF  THE  WATER. 

The  principal  uses  of  water  in  tliis  region  are  for  household  and 
laundry  purposes,  stock  watering,  and  steam  boilers,  but  it  is  also 
used  to  a  greater  or  less  extent  for  soap  making,  wool  washing, 
dyeing,  brewing,  and  distilling.  In  the  scM'tion  on  properties  of  the 
water  sufficient  reference  was  made  to  tlie  (jualities  necessary  for 
household,  laundry,  and  stock  use.  Tin*  ([uaHiies  of  water  which 
affect  its  use  for  the  remaining  purposes  nuMitioned  above  will  be 
briefly  described  here. 

The  mot>i  important  industrial  use  of  water  in  the  region  is  for 
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steam  boilers.  Numerous  steam  sawmills,  com  and  flouring  mills, 
and  cotton  gins  are  scattered  over  the  region,  while  in  the  towns  and 
cities  steam  is  used  for  a  great  variety  of  power  purposes.  The  rail- 
wajys  use  large  quantities  in  their  locomotives  and  at  many  plaees 
have  sunk  their  own  deep  wells. 

AVhere  the  boiler  water  is  soft,  no  diflSculty  arises  from  its  use, 
but  where  hard  a  deposit  known  as  scale  forms  in  the  boiler.  The 
scale  formed  by  water  containing  calcium  or  magnesium  carbonate 
is  deposited  in  the  bottom  of  the  boiler,  usually  as  a  loose,  soft 
slush,  that  is  easily  removed  by  blowing  off  the  boilers.  If  the 
water  is  permanently  hard,  however,  the  scale  formed  by  the  cal- 
cium and  magnesium  sulphates  is  deposited  on  the  tubes  and  bottom 
of  the  boiler  as  a  hard  coating  that  is  difficult  to  remove,  and  because 
it  is  such  a  poor  conductK)r  of  heat  causes  a  much  larger  fuel  con- 
sumption for  the  same  steam  production.  It  is  calculated  that 
scale  one-fourth  inch  thick  requires  50  per  cent  increase  in  fuel  and 
scale  one-half  inch  thick  150  per  cent  increase. 

To  obviate  the  difficulties  arising  from  scale,  hard  water  may  be 
softened  by  treatment  before  or  after  being  introduced  into  the 
boiler.  If  temporarily  hard  water  is  raised  to  the  boiling  point 
before  being  used  for  feed  water,  the  carbonates  are  deposited. 
This  practice  is  followed  at  a  number  of  steam  plants  in  the  region. 
There  is  some  loss  of  heat  by  radiation  in  the  softening  tanks,  but  the 
net  cost  is  low,  as  the  softened  water  enters  the  boiler  at  almost  the 
boiling  point.  Permanently  hard  water  does  not  deposit  its  sul- 
phates at  boiling  temperature,  but  must  be  heated  in  a  closed  vessel 
to  a  temperature  of  150°  C.  or  over,  and  even  then  the  precipitation 
is  not  comj)lete.  Such  water  may  be  softened  more  conveniently 
by  adding  sodium  carbonate,  when  a  chemical  interchange  takes 
place,  and  sodium  sulphate  and  calcium  carbonate  form  and  are 
precipitated  as  a  soft,  incoherent  deposit  that  may  be  easily  removed. 

Many  steam  plants  in  the  region  use  boiler  compounds,  certain 
quantities  of  which  are  introduced  into  the  boiler  at  stated  intervals. 
Such  compoimds  when  intelligently  and  carefully  prepared  are 
efficient  and  satisfactory,  though  it  is  probable  that  in  most  cases 
they  cost  entirely  too  much.  It  may  be  said  that  3  cents  per  thou- 
sand gallons  is  a  fair  cost  for  softening  and  that  any  excess  above 
this  sum  is  so  much  money  wasted.  Aside  from  the  question  of 
cost,  however,  an  honestly  prepared  boiler  compound  has  many 
advantages  for  the  small  plant,  where  often  the  boiler  is  cared  for 
by  a  man  without  the  technical  knowledge  necessary  for  applying 
an  intelligent  treatment  to  the  water. 

Many  substances  are  reconmiended  for  the  treatment  of  water  in 
the  boiler.  Some  act  chemicallyi  wi^i^jMtfMHMMMHl^iical  and 
designed  to  entangle  the  scale  or  iaiii^|^^||||^|^BlBliiMti^'^ 
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hard  or  adhering  firmly.  Some  of  these  are  good,  others  may  do 
neither  harm  nor  good,  while  still  others  at  the  temperature  and 
pressure  of  a  working  boiler  are  corrosive  and  injurious.  They 
include  such  substances  as  powdered  glass,  tan  bark,  coal  dust, 
molasses,  sawdust,  chips  of  wood,  burnt  sugar,  ground  coffee,  log- 
wood, soda  ash,  caustic  soda,  table  salt,  and  many  others.  Any 
treatment  should  be  applied  only  with  a  full  knowledge  of  the  com- 
position of  the  water. 

In  soap  making  soft  water  is  highly  desirable,  because  calcium 
and  magnesium  salts  cause  a  loss  of  lye  by  their  union  with  it  to 
form  insoluble  compounds  that  are  useless  for  cleansing  purposes. 

In  some  cases  farmers  in  the  region  wash  their  own  wool  clip,  and 
there  are  one  or  two  woolen  factories  that  also  wash  wool.  The 
water  for  such  use  should  be  soft.  Hard  water  makes  the  fiber  less 
pliable  and  in  the  finishing  stages  of  the  washing  a  deposit  of  lime 
salts  is  formed  that  clings  to  the  wool  and  interferes  with  dyeing. 

In  dyeing  as  pure  a  water  as  possible  should  be  used.  If  it  con- 
tains organic  matter,  putrefaction  of  tlie  dye  extracts  used  may 
result.  Lime  is  objectionable  in  mordanting  and  aniline  dyes  dis- 
solve poorly  in  wat<^r  containing  it.  Iron  is  also  harmful  in  dyeing 
with  certain  colors  and  is  prohibitive  of  bleaching. 

The  quality  of  the  water  used  in  brewing  has  a  very  important 
influence  on  the  color,  taste,  and  other  qualities  of  the  beer  pro- 
duced. The  water  so  used  sliould  bo  a  good  drinking  water  and 
free  from  organic  matter.  Aniiiioiiia,  nitrates,  and  nitrites  are 
objectionable.  Calcium  sulphate  improves  the  quality  of  the 
product,  and  if  deficient  is  adch'd.  Sodium  cldoride  in  small  (juai;ti- 
ties  is  not  objectionable,  but  in  larger  (juantities  prevents  the  ger- 
mination of  the  malt.  While  a  little  iron  may  he  harmless,  it  makes 
the  product  darker  and  h\  larger  (plant  ities  interferes  with  malting 
and  may  j)r(uhice  an  objectionable  odoi .  Calcium  and  magnesium 
carbonates  sliould  Ix^  ])resent  in  moderati^  (piantities,  especially  if 
cak'ium  snlphate  is  deiu'ient.  The}'  tcMid  to  uInc  t Ik^  product  a  lighter 
color  and  to  iniprovi^  its  taste  and  keepiiiL!;  (pialities.  Organic  matter 
is  harmful  since  it  canscs  pntrefact  ivc  fermentation  in  the  malt. 
Iron  compounds  retard  germination.  Calcium  chloride  checks  the 
devcdopment  of  the  yeast  in  the  fermentation  (  1"  IxH^r,  while  calcium 
sul[)hate  |)romotes  it.  Much  the  same  is  true  of  I  be  (pialities  desirable 
in  distilling. 

STATIC   LEVEL  OF   UNDERGROUND   WATER. 

The  elevation  to  which  underground  water  rises  in  a  number  of 
the  more  ini|)ortant  places  in  the  I'egion  Ims  ])vrn  ascertained  with 
US  nuich  accurac}'  as  possible.      In  a   few    cases  where  there  was  an 


STATIC    LKVEL    OF    ITNDERGROUND    WATER. 


159 


uncertainty  involving  only  a  few  feet  one  way  or  the  other,  this  is 
indicated  by  the  ±  sign.     Where  data  given  are  suspected  of  being 
entirely  wrong,  the  figure  is  followed  by  an  interrogation  mark. 
As  shown  on  the  sketch  map  (fig.  18),  these  elevations  are  fairly 
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Fig.  i;j.    Sketch  inup  showing  hytlrost^ith?  h-vpls.     1.  Wnt;  r  rises  l>otw(M':i  iWiiiid  :«)() 
feet  above  sea  level;  '.',  l)et  ween  .W)  and  MK)  fet't;  A.  between  4(K)  and  TjOC)  feet. 

well  distributed  over  the  area  and  vary  in  a  rational  way,  in  view  of 
the  facts  that  the  outcrop  of  the  porous  beds  in  the  eml)ayment 
area  across  Tennessee  and  Kentucky  is  to  the  east  and  that  water 
flowing  through  these  beds  encounters  friction  enough  to  cause  it  to 
rise  to  successively  less  and  less  heij^ht  as  it  ^oes  westward.     Water 
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also  enters  at  the  outcrop  across  the  north  end  of  the  area  in  IHinois 
and  flows  southward  with  a  similarly  decreased  gradient.  By  refer- 
ence to  the  map  an  approximation  may  be  had  of  the  height  to 
which  underground  water  would  rise  at  almost  any  place  in  the 
region.  The  following  list  gives  the  elevation  above  sea  level  to 
which  deep  underground  water  rises  at  the  places  indicated : 

Elevation  to  which  underground  water  rises  in  emhaymeni  aren  of  Tennessee,  Kentucky j  and 

Illinois. 

Feet.  Feet 

Bardwell,Ky 35G  McKenzir,  Tenn 380 

Benton,Ky 3,50       ;  Martin,  Tenn '. 325 

Brownsville,  Tenn 288       ,  Mayfirld,  Ky 380d: 

Cairo,Ill 324  Memphis,  Trim 225 

Colliorvillo,  Tenn :...  289  Milan.  Teiin 4031 

Covington,  Tenn 309  Morehous-,  Mo 318 

Dycraburg,  Tenn ii07zb  Murray,  Ky 448 

Grand  Junction,  Tenn 428  Nowbcm,  Tenn 315 

Hickman,Ky ;i23  Paris,  Tenn 400 

Hickory  Valley,  Tenn 421  Rives,  Tenn 300 

Humboldt,  Tenn. 31G  S'lmer,Tenn 430 

Huntington,  Tenn 420  Trenton,  Tenn 325± 

Jackson,  Tenn 43,5^=  Union  City,  Tenn 312 

Lexington,  Tenn 400  Wickliffe,  Ky 322d= 

METHODS  AXI>  COST  OF  WET.I.  DRILLING. 

In  olden  times  open  duo:  wells  were  the  only  kind  used,  and  in 
localities  where  underj2:round  waters  are  near  the  surface  they  are 
still  common.  In  most  cases  thcv  are  3  or  4  feet  in  diameter. 
Where  the  material  is  vcr}-  firm  thev  are  either  not  cased  or  the 
casing  is  set  in  only  the  lower  part.  Wlicre  the  material  is  soft  a 
casint]^,  usually  of  wood  and  s(iuare,  is  used  for  the  whole  depth. 
Occasionally  such  wells  are  walled  with  hrick.  Wliere  20  to  40  feet 
deep  they  cost  on  the  avera<!:c  from  40  to  50  cents  per  foot  to  dig  if  in 
soft  sand  or  loess.  If  the  material  is  clay  and  harder  the  cost  is 
somewhat  more. 

The  ])()re(l  well  was  next  introduced  in  the  re<^ion.  The  first 
one  was  put  down  toward  the  middle  of  the  nineteenth  centur^^  and 
they  soon  became  common  in  the  Sclma  clay  and  other  areas  where 
it  was  necessary  to  ^o  to  considerable  (lc])ths,  such  as  200  feet  or 
more.  These  wells  were  usually  10  or  12  inches  in  diameter  and 
in  firm  day  were  left  uncurbcnl  Im'Iow  the  iirst  10  or  20  feet.  In 
softer  nuiterials,  where  curbin<i;  was  necessary,  a  s(|uare  or  octagonal 
curbintr  of  2-inch  ])lank  was  pushed  down  after  the  auger,  wliich 
was  essentially  like  a  wood  au<rcr.  In  case  a  consolidated  layer  was 
struck  it  was  broken  to  pieces,  usually  by  a  crowbar  or  other  hoav}' 
iron  let  drop  drill  fashion  upon  it.     Long  cylindrical  buckets  with 
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valves  in  the  bottom  are  used  for  drawing  the  water.  In  many 
places  such  wells  are  put  down  to-day  and  prove  very  satisfactory. 
They  cost  15  to  30  cents  per  foot,  according  to  kind  of  material 
and  depth. 

Driven  wells  have  come  into  use  within  comparatively  recent 
years.  Where  the  depth  to  water  is  known  to  be  slight  a  2  or  3 
inch  piece  of  iron  pipe,  usually  galvanized,  is  shod  with  a  short 
strainer,  or  perforated  section,  pointed  sharp  at  the  end,  and  driven 
by  force  into  the  ground,  and  a  small  suction  or  pitcher  pump 
attached  to  the  upper  end.  Such  a  well  has  the  advantage  of  having 
a  tight  joint  between  the  earth  around  and  the  outside  of  the  pipe,  so 
that  surface  water  and  contamination  can  not  directly  enter  the  well 
by  trickling  down  the  sides  of  it.  Such  a  well  20  to  40  feet  deep 
will  cost  complete  considerably  less  than  a  dollar  per  foot.  Some- 
times such  wells  are  driven  deeper,  but  a  depth  is  soon  reached  be- 
yond which  it  is  not  practicable  to  drive  the  pipe,  as  it  telescopes. 

Where  greater  depth  is  necessary  than  can  readily  be  obtained  by 
driving,  the  pipe  is  '* pumped  down,'^  as  it  is  called.  An  outer  pipe 
is  sunk  into  the  ground  and  within  it  is  sunk  another  which  is  shod 
on  its  lower  end  with  a  small  chisel  or  cutting  edge  to  loosen  up  the 
material  and  which  has  a  current  of  water  forced  down  through  it 
to  wash  to  the  surface  the  earth  loosened  by  the  bit.  Such  wells 
are  in  many  cases  2  inches  in  diameter  and  100  to  200  feet  or  more 
in  depth.  A  well  of  this  size  usually  furnishes  an  adequate  supply 
for  all  household  purposes.  At  mills  of  any  kind  wells  3  to  4  inches 
in  diameter  are  often  used.  For  a  town  or  other  large  supply  the 
diameter  is  6,  8,  10,  or  12  inches'and  the  inner  pipe  is  kept  turning; 
this  mode  of  drilling  is  called  the  hydraulic  rotary  process.  Ih 
work  in  quicksands  the  counter  pressure  of  the  column  of  water 
forced  down  from  the  surface  is  often  the  only  thing  that  prevents 
the  sand  from  rushing  up  inside  the  outer  pipe  and  settling  around 
the  tools  so  that  it  would  be  impossible  either  to  sink  farther  or 
pull  back  the  pipe  or  the  tools.  Such  work  requires  much  experi- 
ence and  care,  and  if  quicksands  are  encountered  the  tools  are  kept 
going  day  and  night  from  the  time  the  well  is  started  until  it  is 
finished,  to  prevent  the  loss  of  the  well  and  tools. 

If  hard  beds  are  encountered,  an  ordinary  hard-rock  deep- well  drill 
must  be  used,  and  the  hole  may  have  to  be  reamed  out  afterwards 
in  order  to  drive  the  casing  lower.  In  some  cases  where  hard  rock, 
such  as  the  Paleozoic  floor  beneath  the  embayment  deposits  was 
struck,  a  diamond  drill  has  been  used  to  deepen  the  well.  At  Cairo, 
111.,  and  elsewhere  in  that  vicinity,  however,  such  attempts  were 
unsuccessful  because  of  the  hard,  sharp-edged  chert,  or  ^'  Elco  "  gravel, 
encountered.  This  chert  soon  tore  the  diamonds  from  their  setting 
or  cut  to  pieces  the  soft  iron  cuff  that  held  them  and  caused  their 
IKR  164—06 11 
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loss.     The  ordinary  chisel-shaped  deep-well  drill  was  substituted  and 
worked  without  trouble. 

Where  such  wells  are  drilled  the  outfit  of  the  driller  must  be  exten- 
sive and  must  include  a  standard-sized  deep-well  rig  or  derrick  and 
equipment  for  hard  rock,  sand,  clay,  and  quicksand.  It  is  work, 
too,  in  which  experience  and  good  judgment  are  necessary  in  decid- 
ing where  to  place  the  strainer  or  finish  the  well  in  order  to  get  a 
good  supply  of  water,  free  from  milkiness  or  clay,  and  from  sand 
that  will  slip  through  the  strainer  slots  to  cut  them  out,  clog  up  the 
well,  or  cut  out  valve  packing  and  piston  chambers.  Drilling  soft 
deposits,  such  as  characterize  this  region,  is  an  art  in  itself  and 
requires  experience  that  can  be  obtained  only  in  such  a  region.  No 
amount  of  drilling  in  hard  rocks  will  prepare  a  driller  for  successful 
work  in  soft  materials. 

The  cost  of  drilling  wells  of  this  type  varies  somewhat,  but  for 
wells  150  to  200  feet  deep  the  cost  per  foot  runs  about  as  follows: 
Two-inch,  $1 ;  3-inch,  $1 .50 ;  4-inch,  $2 ;  6-inch,  $3.50 ;  including  casing 
and  a  hand  pump  for  the  smaller  wells.  For  large,  deep  wells,  where 
a  more  elaborate  outfit  is  necessary,  the  cost  is  considerably  more, 
and  for  10-inch  wells  600  to  1,000  feet  deep  or  over  may  run  $7  to 
$9  per  foot.  The  Memphis  wells  cost  comj)lete  with  the  best  of 
materials  and  double  or  triple  casing  and  tunnel  connections  about 
$5,000  each,  while  private  wells  there  ranging  from  400  to  600  feet 
deep  can  be  bored  for  about  SS  per  foot.  There  is  one  record  of  a 
well  in  another  part  of  the  ref2:ion  drilled  partly  8-inch  and  partly 
6-inch  and  about  600  feet  dec])  for  S1,S()(),  but  this  is  exceptionally 
low  and  probably  the  li<rures  vrlyon  were  not  meant  to  include  the 
cost  of  the  casing. 

ackxowi.kd<;mkntis. 

The  following  drillers  or  engineers  have  furnished  valuable  infor- 
mation as  to  their  local  conditions  and  well  records  for  use  in  this 
paper:  Messrs.  Johnson  &  Flemniinij:,  Memphis,  Tenn.;  Penn  Dril- 
ling Company,  Cairo,  111. ;  Mr.  S.  C.  Lancaster,  city  engineer,  Jack- 
son, Tenn.;  Dr.  E.  K.  Leake,  Colliervillc,  Tenn.;  Mr.  J.  A.  Omberg, 
jr.,  city  engineer,  and  assistants,  Memphis,  Tenn.;  Mr.  J.  L.  Holt, 
driller,  Xewbern,  Tenn.;  Mr.  James  J.  Adams,  driller,  Martin,  Tenn.; 
Mr.  E.  L.  Stewart,  driller,  Brownsville,  Tenn.;  Crosby  &  Co.,  drillers, 
Dixon,  Tenn.;  Mr.  Wm.  Kemmerling,  driller,  Kipley,  Tenn.;  and  Mr. 
E.  F.  Doudna,  driller,  Ma^iield,  Ky.  Many  corporations  and  indi- 
viduals too  numerous  to  mention  gave  information  concerning  their 
own  wells  and  water  supply.  To  Mr.  Hunter  McDonald,  chief  engi- 
neer of  the  Nashville,  Chattanooga  and  St.  Louis  Railway,  the  writer 
is  indebted  for  profiles  of  his  line  in  the  region  and  information  as  to 
wells  ])ut  down  to  furnish  water  for  locomotives;  also  to  Mr.  H.  K. 
Sniford,  assistant  chief  engineer  of  the  Illinois  Central  Railroad,  for 
information  as  (o  the  elevation  ot  covVwm  \>vV\w\^  v>VlVvv:^  line. 
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Morris  cliapel.  Tenn..  water  resources  at . . 
.Mi»sei»w,  Ky..  elevation  at 

water  re'-onrees  at 

MuMOw.  Tenn.,  water  res«>urces  at 

Mound  City.  III.,  water  re-^fairees  at 
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New  Kent,  Tenn.,  water  resources  at 72 
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Nobles  (Benton  County),  Tenn.,  water  re- 
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sourcesat 91 
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water  resources  at 99 
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water  resources  at 72 

Oaklevel,  Ky.,  water  resources  at 145 

Oakton,  Ky.,  elevation  at 138 

water  resources  at 138 
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water  resources  at 108 
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geology  of 102 

topography  of 101-102 

water  resources  of 102-104 
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wells  on,  record  of 69 
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former  course  of 20 
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P. 

Paducah.  Ky.,  deep  well  at 9 

elevation  at 17,140 
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rocksat 139 

water  resources  at 140-141 

wells  at.  record  of 141 

rocks  in 22,29,81 

Paleozoic  floor,  description  of 21-23 

dip  of 10-11 

outcrop  of 25 

Palma,  Ky.,  water  resources  at 145 

Paris,  Tenn.,  elevation  at 91 

ground-water  level  at 160 

rocksat- 37 

water  resources  at 91 

well  at,  water  of,  analysis  of 91 

Parsons,  Tenn.,  elevation  at 64 

section  at 24 

water  resources  at 64 

Paul,  Ky.,  water  resources  at 145 

Pearley,  Tenn.,  water  resources  at llfr 

Puryear;  Tenn..  water  resources  at 91 

Phelan,  Tenn.,  water  resources  at 117 

Phoenix  Cotton  Oil  Co.,  well  of,  log  of 66-67 

Piney  Creek,  drainage  of hn 

Pinson,  Tenn.,  mineral  water  near 122 
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Pipkin,  Tenn.,  water  resources  at 89 

Pittsburg  Landing.  Tenn.,  section  at 2.') 
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Pleistocene  rocks,  description  of 13-  47 

Pliocene  rocks,  descriptions  of 40  43 
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Pocahontaa,  Tenn.,  elevation  at 79 

water  resources  at 79 

Point  Pleasant,  Tenn.,  water  resources  at. .  64 

Polk,  Tenn.,  elevation 108 

water  resources  at 108 

Pond  Creek,  course  of 61 

Pope  County,  111.,  embayment  deposits  in. .  146 
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character  of 80-31 

dip  of 31 

distribution  of 29-30,  passim  64-148 

erosion  in 17-18 
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fossils  in 30-31 

nomenclature  of 32-33 

occurrence  of 15 

outcrop  of 29 

position  of lO 

thickness  of 81 

topography  of 16 
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Post,  Tenn.,  water  resources  at 58 

Protocardia  lenls.  occurrence  of 32 

Pryor  ChalyU^ate  Spring.  Tenn..  water  of. .  122 

Pryorsburg,  Ky.,  elevation 137 

water  resources  at 137 

Pulaski  County,  111.,  embayment  deposits 

in 146 

potter's  clay  in 34 

Purdy,  Tenn..  water  resources  at 101 

Q. 

Quaternary  rocks,  descriptions  of 43-49 

Quercus moorii.  occurrenceof 38 

nerifolia,  occurrence  of 38 

saffordi.  occurrence  of 38 

sp.,  occurrence  of 38 

Quito,  Tenn. .  water  resources  at 117 

R. 

Ragland,  Ky.,  water  resources  at 141 

Ragsdale,  Ky.,  water  resources  at 187 

Rainfall,  disposition  of 7-H 

distribution  of 12-18 

quantity  of 12-13 

figure  showing 12 

Raleigh.  Tenn..  springs  at,  water  of,  analy- 
sis of  122 

Ralstons  Station.  Tenn.,  elevation  at 119 

water  resources  at 119-120 

Ramsey.  Tenn.,  water  resources  at 115 

Randolph,  Tenn.,  rocks  at 34 

Reagan,  Tenn.,  water  resources  at K9 

Recent  deposits,  description  of 47-49 

Reelfoot  Lake,  drainage  to 64,92 

faulting  near 60 

Rein.  Tenn..  water  resources  at 85 

Refridual  riilge.  description  of 15 

Ridgcley.  Tenn.,  water  resources  at 92 

Rinda,  Tenn.,  water  resources  at 120 

Ripley,  Tenn.,  elevation  at 96 
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view  in 
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Ripley  fonnation,  character  of 27-28 

dipof 29  I 

distribution  of 27.62,68.  I 

69, 76.  86,  89-90, 100, 127, 140, 142, 147-148  ', 

foMllsof 27,28 

occurrence  of 15 

outcrop  of 11, 13 

section  of 28-29 

thicknessof 29  ! 

viewsof 28 

waterin 9,13,62,54.69, 

77-78, 87, 90, 100, 127, 186, 140, 144, 163-164 

Rives,  Tenn. ,  elevation  at 103 

ground-water  level  at 160  ! 

water  resources  at 103-104 

well  at,  record  of 103 

Rocks,  descriptions  of 21-49 

Rogers  Springs,  Tenn. ,  water  resources  at . .       79 

Rollins,  water  resources  at 99 

Rossville,  Tenn. ,  elevation  at 72 

water  resources  at 72 

Round  Knob,  111.,  rocks  of 41 

water  resources  at 153 

Ronton,  Tenn. ,  water  resources  at 92 

Rudolph,  Tenn.,  water  resources  at 86 

Rutherford ,  Tenn. ,  water  resources  at 76 

Ruthville,  Tenn.,  water  resources  at 120 

Safford,  J.  M.,  fossils  described  by 38 

on  Porters  Creek  formation 32 

Safford,  Tenn. ,  water  resources  at 89 

Balix  angusta,  occurrence  of 38 

sp.,  occurrence  of 3« 

Samburg,  Tenn.,  water  resources  at 104 

Sands,  cementation  of 21, 27-lW 

description  and  distribution  of 44 

erosion  of 17. 18 

San<lstone  dikes,  occurrence  of 30-31 

Sapindus  anKUstifoIius.  occurrence  of 3s 

dubius.  occurrence  of 39 

sp.,  occurrence  of ;W 

Saulsbury.  Tenn.,  elevation  at 79 

water  resources  at 7S)-so 
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watrr  resource^  at 120 

Shelby  County.  Tenn.,  description  of 104 

geology  of ia5 

mineral  waters  of 122 
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water  resources  of 105-115 
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Silurian  limestones,  occurrence  of S 

Skullbone.  Tenn.,  water  resources  at 7b 

Slater.  Ky.,  water  resources  at 125 

Sloan ville.  Tenn. .  water  resources  at IW 

Soap  making,  water  for l» 

Soapstone,  occurrence  of 30 

Somervllle.  Tenn. ,  elevation  at 72 

water  resources  at 72 

Spellings.  Tenn.,  water  resources  at » 

Spout  Spring.  Tenn.,  water  resources  at IW 

Sprlngcreek,  Tenn.,  water  resources  at 99 

Sprlnghlll,  Ky.,  water  resources  at 13S 

Springs,  cause  of 8,13 

Springvllle,  Tenn.,  rainfall  at 12 

Stanton  Depot,  Tenn. ,  water  resources  at . . .  *? 

well  at,  record  of 85 

Stanton  ville,  Tenn. ,  water  resources  at 101 

Stella,  Ky.,  water  resources  at 129 

Stream  cutting,  history  of 17 

Structure,  geologic,  description  of 50,81 

Stubbletield.  Ky.,  mineral  water  near 145 

stubbs,  Ky.,  water  resources  at 138 

Sugar  Tree,  Tenn.,  water  resources  at 64 

Sulphur  Springs,  Tenn..  water  from 122 

Sweetllps,  Tenn.,  water  resources  at 60-61 

Symsonla,  Ky.,  water  resources  at 137 

T. 

Tabernacle,  Tenn.,  water  resources  at 117 

Tamms,  111.,  water  resources  at iss 

Turns  Landing,  Tenn.,  water  resources  at..       96 

Tatumsville,  Ky.,  water  resources  at 145 

Taylor's  Chapel,  Tenn.,  water  resources  at.        72 

Ttcoma  radicans,  occurrence  of 38 

Templeton,  Tenn.,  water  resources  at 69-70 

Tennemo.  Tenn.,  water  resources  at 70 

Tennessee,  embayment  area  of  Kentucky 

and,  description  of 14-20 

embayment  area  of,  geology  of 21-50. 

passim  61-118 

mineral  waters  of 120-12^ 

topo^Taphy  of 14-20,  passim  51-11* 

water  resources  of,  by  counties 51-122 

rainfall  in 12 

Tennessee  Kidge,  location  and  description 

of 15-16 

streanis  of 15-16 

Tenncs.-'ee  Kiver.  drainage  of 51, 53-o4.S0 

st-etion  to  Mcmjthis  from,  figure  showing        51 

Terrell.  Tenn.,  water  rr.sources  at 120 

Tertiary  rocks,  drscriptions  (»f -29-13 

Theln's,  111.,  rocks  at 27 

Thurnian,  Thuii.,  water  resources  at w 

Tibbs.  Tenn..  w  ater  resources  at >s5 

Tice.  Ky.,  water  rcMMirces  at 137 

Tigertail,  Tenn..  water  resources  at 70 

Tipton.  Ti-nn..  elevation  at 117 

water  resources  at 117 

Tijiton  County,  Tenn..  description  of Ho 

geology  of IIH 

mineral  waters  of 121 

topography  of 116-116 

water  resources  «)f 116-117 

Tombigbi'f  sand,  correlation  of Zi 

Toone,  Tenn..  water  resources  at ^o 

Topography,  description  of 14-21 
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Topofirraph  y,  relations  of  water  table  to 7-« 

Sit  aluo  particular  cauntief. 

Townes,  Tenn.,  water  rew.mreos  at .W 

Trenton.  Tenn..  elevation  at 75 

ground-water  level  at IfiO 

rainfallat 12 

water  rewiurees  at 7r>-76 

Trimble.  Tenn.,  water  resources  at 70 

Troy,  Tenn.,  water  resourceH  at 104 


rntlerpround  water,  character  of 15*-lnG 

conditions  of,  figures  Hhowing 9 

dependency  of,  on  rainfall 8 

es<*ape  of.  ali«ence  of 13-14 

level  of IW-IHO 

figure  showing 1&9 

rewuircesof M-60 

Hource-s  r»f 7-^ 

UW8  of ir>6-l&8 

Union  City,  Tenn.,  v'levation  at 104 

grrmnd-water  level  at 160 

water  resources  at 104 

Unity,  Tenn.,  mineral  springs  at 120 

water  rtrsounres  at 120 

Uplands,  description  of 20-21 


Valleys,  description  of 14, 47-49 

Vandyck,  Tenn.,  elevation  at 92 

water  res«^un'es  at 92 

Venericardia  altico>tata,  occurrence  of 32 

Villa  Ridge,  111.,  roc-ks  of    41 

Vir)la,  Ky..  water  resources  at 137 

Vultoncreek,  Ky.,  water  rt^wmrcesat 137 

W. 

Wadesboro.  Ky..  water  reflr)urce8  at 129  ; 

Walti,  Tenn.,  water  refK>urces  at 117 

Wan>ing,  location  of 18-19  I 

Water,  mineral,  character  of KiS-lfte  ] 

occurrences  of 120-122,145-14(5  ' 

Water,    underground.      Net:   Underground 
water. 

Water-bearing  Iwiains,  figure  showing 43 

Water-bearing  be<ls.  occurrence  and  char- 
acter of 9 

outcrop  of 11-12 

thinning  out  of,  figure  Hhowing 9 

variation  in,  flgure  showing 9 

Water  table,  character  of 7-8, 43 

character  of,  flgure  showing 43 


l*age. 

Water  Valley,  Ky. ,  elevation  at 187 

mineral  water  at 146 

water  rest)urce8  at 187 

Weakley  Ck>unty,  Tenn.,  description  of 117 

geology  of 118 

lignite  in 35 

mineral  waters  of 120 

topography  of 117-118 

water  resources  of 118-120 

Well  drilling,  c«>st  of 162 

methods  of 160-162 

Wells,  soun'e  of  water  in 8,»18 

water-bearing ba.sins in,  figureshowing.       48 
Sef  nUo  itnrticular  counties,  places,  etc. 

Well  woo<l,  Tenn.,  water  resources  at 85 

Wetzel.  Ky.,  water  resources  at 129 

Whitefem,  Tenn.,  water  resources  at 89 

Whitehaven.  Tenn.,  elevation  at 115 

water  resources  at 115 

White  Oak  River,  drainage  of 58 

Whiteville,  Tenn.,  watt  r  resources  at 80 

Wickliffe,  Ky..  artesian  well  at,  view  of . . . .      126 

elevation  at 125 

f OSS  i  1  s  f  rt>m 34 ,  37 ,  3tWJ9 

ground-water  level  at 160 

mineral  water  at 125, 146 

water  resources  at 125 

well  at,  view  of 9 

wells  at 9 

records  of 125, 126 

rocks  in 22,29,31.40 

water  of,  analyses  of 125 

Wildersville,  Tenn.,  elevation  at 89 

rainfallat... 12 

water  resources  at 89 

Wind,  disposition  of  soil  by 46-47 

figure  showing 47 

Wolf  River,  drainage  to 70 

Woodland  Mills,  Tenn.,  water  resources  at.      104 

Woodville,  Ky.,  water  resources  at 141-142 

well  at,  record  of 142 

Wool  washing,  water  for 158 

Wyly,  Tenn.,  water  resources  at 53 

V. 

Yorkville,  Tenn.,  water  resources  at 76 

Yuma,  Tenn.,  elevation  at 68 

water  resources  at 68 

Yumyum,  Tenn.,  water  resources  at 72 

Z. 

Za*.'h,  Tenn.,  water  resources  at 58 
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PROGRESS  REPORT  OF  STREAM  MEASUREMENTS 
FOR  THE  CALENDAR  YEAR  1905. 


PART  I. 


By  H.  K.  Barrows  and  John  C.  Hoyt. 


INTRODUCTION. 

ORGANIZATION  AND  SCOPE  OF  TVORK. 

The  hydrographic  work  of  the  United  States  Geological  Survey  includes  the  col- 
-^^ctiou  of  facts  concerning  and  the  study  of  conditions  affecting  the  hehavior  of 
^irater  from  the  time  it  reaches  the  earth  as  rain  or  snow  until  it  joins  the  oceans  or 
S^K'eat  navigable  rivers.  These  investigations  became  a  distinct  feature  of  the  work  of 
fcfae  Survey  in  the  fall  of  1888,  when  an  instruction  camp  was  established  at  Embudo, 
^^.  Mex.  The  first  specific  appropriation  for  gaging  streams  was  made  by  the  act  of 
-^V^ugust  18,  1894,  which  contained  an  item  of  $12,500  '* for  gauging  the  streams  and 
determining  the  water  supply  of  the  United  States,  including  the  investigation  of 
v&nderground  currents  and  artesian  wells  in  the  arid  and  semiarid  sections.''    (Stat.  L., 

^ol.  28,  p.  398. ) 

Since  that  time  the  appropriations  have  been  gradually  increased,  as  shown  by  the 

following  table: 

-^jinual  appropriations  for  hydrographic  surveys  for  the  fiscal  years  ending  June  SOy  J  895 

to  1906, 


1895 $12,500 

1896 20,000 

1897 50,000 

1898 50,000 

1899 50,000 

1900 50,000 


1901 $100,000 

1902 100,000 

1903... 200,000 

1904 200,000 

1905 200,000 

1906 200,000 


As  a  result  of  the  increased  appropriations  the  work  has  been  greatly  extended, 
cind  at  the  same  time  it  has  been  more  thoroughly  systemized  by  the  adoption  of 
standard  methods  and  by  grouping  the  States  into  districts,  in  each  of  which  a  dis- 
trict hydrographer  and  a  corps  of  assistants  carry  on  a  comprehensive  study  of  the 
Hydrographic  resources. 

The  chief  features  of  the  hydrographic  work  are  the  collection  of  data  relating  to  the 
flow  of  the  surface  waters  and  the  study  of  the  conditions  affecting  this  flow.  There 
is  also  collected  information  concerning  river  profiles,  duration  and  magnitude  of 
floods,  water  power,  etc.,  which  may  be  of  use  in  hydrographic  studies.  Tliis  work 
includes  the  study  of  the  hydrography  of  every  important  river  basin  in  the  United 
States,  and  is  of  direct  value  in  the  commercial  and  agricultural  development  of  the 
oountry. 
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DEFINITIONS. 


licola. 


aOUTHEBN  ATLAKTIC  DHAINAOE  BA8IN8. 

Great  Pedee  (Yadkin). 

Santee. 

Savannah. 

Ogeechee. 

Altamaha. 

Minor  Southern  Atlantic. 

EASIEBN  GULP  OP  MEXICO   DRAINAGE  BASINS. 

:  Pearl. 
Minor  Eastern  Gulf  of  Mexico. 


EASTERN  MISSISSIPPI  RIVER  DRAINAGE  BASINS. 

•astern  Mississippi.  |  Upper  eastern  Mississippi. 


ST.  LAWRENCE  RIVER  DRAINAGE  BASINS. 


iperior. 
ichigan. 
aroii. 
.  Clair. 
•ie. 


Niagara  River. 

Lake  Ontario. 

Lake  Champlain  (Richelieu  River). 

Minor  St.  Lawrence. 


WISTEBN  MISSISSIPPI  BIVEB  DBAINAGE  BASINS. 


cestern  Mississippi. 


Lower  western  Mississippi. 

Arttansas. 

Red. 


o  (of  Texas). 


WESTERN  GULF  OP  MEXICO  DRAINAGE  BASINS. 


Guadelupe. 

San  Antonio. 

Nueces. 

Rio  Grande. 

Minor  Western  Gulf  of  Mexico. 


1  Mountains. 
Idt. 


n  Pacific, 
nci.'jco  Bay. 
Ti  Pacifi(r. 


COLORADO  RIVER  DRAINAGE  BASIN. 
THE  GREAT  BASIN. 

I  Sierra  Nevada. 

I  Minor  streams  in  Great  Basin. 

PACIFIC  CCJAST  DRAINAGE  BASINS. 

I  Columbia. 
Puget  Sound. 

HUDSON  BAY   DRAINAGE  BASINS. 

DEFTNTTIONS. 

volume  of  water  flowing  in  a  8tream,  the  "run-off"  or  **di8charge,"  is  ex- 
1  in  various  terniH,  each  of  which  has  become  associated  with  a  certain  claas  of 
These  terms  may  \)e  divided  into  two  groups:  (1)  Those  which  represent  a 
flow,  SLU  second-feet,  gailoiw  per  minute,  miner's  inch,  and  run-off  in  8ecx>Dd- 
T  square  mile;  and  (2)  those  which  represent  the  actual  quantity  of  water,  as 
!  in  depth  in  iiulies  and  acre-fof>t.  They  may  l>e  defined  as  follows: 
cond-foot"  is  an  abbreviation  for  cubic  ffx>t  i)er  second,  and  is  the  quantity  of 
flowing  in  a  stream  1  foot  wide,  1  foot  deep,  at  a  rate  of  1  foot  per  second, 
merally  used  as  a  fundamental  unit  from  which  others  are  computed.  • 
illons  per  minute''  is  generally  used  in  connection  with  pumping  and  city 
supply. 
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The  ^Mniner'H  incli"  is  tlie  quantity  of  water  that  passes  through  an  orifice  I 
inch  square  under  a  head  which  varies  locally.  It  has  been  commonly  used  br 
miners  and  irri^tors  throughout  the  West,  and  is  defined  by  statute  in  each  Stile 
in  which  it  is  used.  In  most  States  the  California  miner's  inch  is  used,  which  istbe 
fiftieth  part  of  a  second-foot. 

"  Second-feet  per  square  mile  "  is  the  average  nimiber  of  cubic  feet  of  water  flowiif 
per  second  from  each  square  mile  of  area  drained,  on  the  assumption  that  the  rnn-of 
is  distributed  uniformly,  both  as  regards  time  and  area. 

**  Run-off  in  inches''  is  the  depth  to  which  the  drainage  area  would  be  covered ii 
all  the  water  flowing  from  it  in  a  given  period  were  conserved  and  uniformly  di^ 
tributed  on  the  surface.  It  is  used  for  comparing  run-off  with  rainfall,  which  k 
usually  expressed  in  depth  in  inches. 

''Acre-foot"  is  equivalent  to  43,560  cubic  feet,  and  is  the  quantity  required  to 
cover  an  acre  to  the  depth  of  1  foot.  It  is  commonly  used  in  Connection  nitk 
storage  for  irrigation  work.  There  is  a  convenient  relation  between  the  seocmd-foai 
and  the  acre-foot  One  second-foot  flowing  for  twenty-four  hours  will  deliver  86^400 
cubic  feet  or  approximately  2  acre-feet. 

EXPLANATION  OF  TABLES. 

For  each  regular  gaging  station  are  given,  as  far  as  available,  the  following  data: 

1.  Description  of  station. 

2.  List  of  discharge  measurements. 

3.  Gage-height  table. 

4.  Rating  table. 

5.  Table  of  estimated  montlily  and  yearly  discharges  and  run-off,  based  upon  lU 
the  facts  obtained  to  date. 

The  de8<Tiption8  of  stations  give  such  general  information  about  the  locality  tai 
e(|uipment  as  would  enable  the  readier  to  find  and  use  the  station,  and  they  akogire. 
as  far  as  possible,  a  complete  history  of  all  tlie  changes  that  have  occurred  since  the 
e8tal)li8linient  of  the  station  that  would  l)e  factors  in  using  the  data  collected. 

The  discharge-measurement  table  gives  the  results  of  the  discharge  measuremenfr 
made  during  the  year,  including  the  <late,  the  name  of  the  hydrographer,  the  pft 
height,  the  area  of  cross  section,  the  mean  velocity,  and  the  discharge  in  8econd-fe«t 

The  table  of  daily  gage  lieiglits  gives  the  daily  fluctuations  of  the  surface  of  the 
river  an  found  from  the  mean  of  the  gage  readings  taken  each  day.  The  gage  height 
given  in  the  table  represents  the  elevation  of  the  surface  of  the  water  above  the  len^ 
of  the  gage.     At  most  stations  the  gage  is  rea<l  in  the  morning  and  in  the  evening. 

The  rating  table  gives  discharges  in  second-feet  corresiwnding  to  each  stage  of  the 
river  as  given  l)y  the  gage  heights. 

In  the  ta])le  of  estimated  monthly  discharge,  the  column  headed  **Maximuni"  giwe 
the  mean  flow  for  the  day  when  the  mean  gage  height  was  highest,  and  it  is  the  flow  tf 
given  in  the  rating  table  for  that  mean  gage  height.  .\s  the  gage  height  is  the  mean 
for  the  <lay,  there  might  liave  In^en  short  jieriotls  when  the  water  was  higher  and  tbe 
(corresponding  discharge  larger  than  given  in  this  column.  Likewise  in  the  columD 
of  "Mininnim"  the  quantity  given  is  the  mean  flow  for  tlie  day  when  the  mean  gage 
height  was  lowest.  The  column  headed  **  Mejin  "  is  the  average  flow  for  each  secowl 
during  the  month.  \Ji>on  this  the  computations  for  the  two  remaining  colnmriN 
which  are  defined  alx>ve,  are  based. 

In  the  computations  for  the  tables  of  this  report  the  following  general  and  special 
rules  have  l^een  used: 

Fundamaital  rulc»for  rompntation. 

1.  Theiiighest  degree  of  precision  consistent  with  the  rational  use  of  time  and  money  la  ImpentiTe. 

2.  All  itemfiof  computation  should  be  expressed  by  at  least  two  and  not  more  than  lonrifgiufi 
CBDt  iigures. 
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3.  Any  measurement  in  a  vertical  velocity,  mean  velocity,  or  discharge  cur>'e  whose  per  cent  of 
error  is  five  times  the  average  per  cent  of  error  of  all  the  other  measurements  should  be  rejected. 

4.  In  reducing  the  number  of  significant  figures,  or  the  number  of  decimal  places,  by  dropping  the 
*■  last  figure,  the  following  rules  apply: 

(a)  When  the  figure  in  the  place  to  be  rejected  is  less  than  5,  drop  it  without  changing  the  preced- 
ing figure.    Example:  1,827.4  becomes  1,827. 

(b)  When  the  figure  in  the  place  to  be  rejected  is  greater  than  5,  drop  it  and  increase  tlie  preceding 
figure  by  1.    Example:  1,827.6  becomes  1,828. 

(o)  When  the  figure  in  the  place  to  be  rejected  i»  «">,  and  it  is  preceded  by  an  even  figure,  drop 
the  5.    Example:  1.828.5  becomes  1,828. 

(<i)  When  the  figiure  in  the  place  to  be  rejected  is  5,  and  it  in  preceded  by  an  odd  figure,  drop  the  5 
Mud  increase  the  preceding  figure  by  1.    Example:  1.827.5  becomes  1,828. 

Special  rtUet  /or  computation. 

1.  Rating  tables  are  to  be  constructed  as  close  as  the  data  upon  which  they  are  based  will  warrant. 
No  decimaJs  are  to  be  used  when  the  discharge  is  over  50  second-feet. 

2.  Daily  discharges  shall  be  applied  directly  to  the  gage  heights  as  they  are  tabulated. 

8.  Monthly  means  are  to  be  carried  out  to  one  decimal  place  when  the  quantities  are  below  100 
■eoond-leet  Between  100  and  lU.OOO  second-feet,  the  last  figure  in  the  monthly  mean  shall  be  a 
■igiiificant  figure.    This  also  applies  to  the  yearly  mean. 

4.  Seoond-feet  per  square  mile  and  depth  in  inches  for  the  individual  months  shall  be  carried  out 
to  at  least  three  significant  figures,  except  in  the  case  of  decimals  where  the  first  significant  figure  is 
preceded  by  one  or  more  naughts  (0),  when  the  quantity  shall  be  carried  out  to  two  significant  figures. 
Example:  1.25,  .125,  .012,  .0012.  The  yearly  means  for  these  quantities  are  always  to  be  expressed  in 
tbree  significant  figures  and  at  least  two  decimal  places. 

CONVENIENT  EQUIVALENTS. 

1  second-foot  equals  60  California  miner's  inches. 

1  second-foot  equals  88.4  Colorado  miner's  inches. 

2  second-foot  equals  40  Arizona  miner's  inches. 

1  second-foot  equals  7.48  United  States  gallons  per  second,  equals  448.8  gallons  per  minute,  equals 
646,272  gallons  for  one  day. 
1  second-foot  equals  6.23  British  imperial  gallons  per  second. 
1  second-foot  for  one  year  covers  1  s<|uare  mile  1.131  feet  deep,  13.572  inches  deep. 
1  second-foot  for  one  year  equals  0.000214  cubic  mile,  etiuals  31,536,000  cubic  feet. 
1  second-foot  equals  about  1  acre-inch  per  hour. 
1  second-foot  falling  10  feet  equals  1.136  horsepower. 
100  California  miner's  inches  equals  15  United  States  gallons  per  second. 
100  Caliiomia  miner's  inches  equals  77  Colorado  miner's  inches. 
100  California  miner's  inches  for  one  day  equals  4  iicre-feet. 
100  Colorado  miner's  inches  equals  2.60  second  feet. 
100  Colorado  miner's  inches  equals  19.5  United  States  gallons  per  second. 
100  Colorado  miner's  inches  equals  130  California  miner's  inches. 
100  Colorado  miner's  inches  for  one  day  equals  5.2  acre-feet. 
100  United  States  gallons  per  minute  equals  0.223  second-foot. 
100  United  States  gallons  per  minute  for  one  day  equals  0. 44  acre-feet. 
1.000,000  United  States  gallons  per  day  equals  1.55  second-feet. 
1,000,000  United  States  gallons  equals  8.07  acre-feet. 
1,000,000  cubic  feet  equals  22.95  acre-feet. 
1  acre-foot  equals  825,860  gallons. 
1  inch  deep  on  1  square  mile  equals  2,323.200  cubic  feet. 
1  inch  deep  on  1  square  mile  equals  0.0737  second-foot  per  year. 
1  inch  equals  2.54  centimeters. 
1  foot  equals  0.8048  meter. 
-     1  yard  equals  0.9144  meter. 
1  mile  equals  1.60935  kilometeis. 

1  mile  equals  1,760  yards,  equals  5,280  feet,  equals  G8,860  inches. 
1  square  yard  equals  0.836  square  meter. 
1  acre  equals  0.4D47  hectare. 

1  acre  equals  48,560  square  feet,  equals  4,840  s«iiiare  yards. 
1  acre  equals  209  feet  square,  nearly. 
1  square  mile  equals  260  hectares. 
1  square  mile  equals  2.60  square  kilometers. 
1  cubic  foot  equals  0.0288  cubic  meter. 
1  cubic  foot  equals  7.48  gallons;  equals  0.8O4  bushel. 
1  cubic  foot  of  water  weighs  62.6  pounds. 
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1  cubic  yard  eqaals  0.7646  cubic  meter. 

1  cubic  mile  equals  147,196,000,000  cubic  feet. 

1  cubic  mile  equaU  4,667  second-feet  for  one  year. 

1  gallon  equalH  3.7854  liters. 

1  gallon  equals  8.36  pounds  of  water. 

1  gallon  equals  231  cubic  inches  (liquid  measure). 

1  pound  equals  0.4586  kilogram. 

1  avoirdupois  pound  equals  7,000  grains. 

1  troy  pound  equals  5,760  grams. 

1  meter  equals  39.87  inches.    Log.  1.5951654. 

1  meter  equals  3.280833  feet.    Log.  0.5159M2. 

1  meter  equals  1.093611  yards.    Log.  0.0388629. 

1  kilometer  equals  8,281  feet;  equal.s  five-eighths  mile,  nearly. 

1  square  meter  equals  10,764  square  feet;  eipials  1,196  square  yards. 

1  hectare  equals  2.471  acres. 

1  cubic  meter  equals  35.314  cubic  feet;  equals  1.308  cubic  yards. 

1  liter  equals  1.0567  quarts. 

1  gram  equals  15.43  grains. 

1  kilogram  equals  2.2046  pounds. 

1  tonneau  equals  2,204.6  pounds. 

1  foot  per  second  equals  1.097  kilometers  per  hour. 

1  foot  per  second  equals  0.68  mile  per  hour. 

1  cubic  meter  per  minute  equals  0.5886  second-foot. 

1  adnosphere  equals  15  pounds  per  square  inch,  equals  1  ton  per  square  foot.  equalH  1  kilogram  per 

square  centimeter. 

Acceleration  of  gravity  equals  32.16  feet  per  second  every  second. 

1  horsepower  equals  560  foot-pounds  per  second. 

1  horsepower  equals  76  kilogram-meters  per  second. 

1  horsepower  equals  746  watts. 

1  horsepower  equals  1  second-foot  falling  M.8  feet. 

If  horsepowers  equal  about  1  kilowatt. 

Sec. -ft.  X  fall  in  feet 
To  calculate  water  power  quickly:     -"     -     jj  —  =i  net  horsepower  on  water  wheel,  realizing 

80  per  cent  of  the  theoretical  power, 

Quick  formula  for  computing  discharge  over  weirn:  Cubic  feet  per  minute  equals  0.4025 1 1  h*;  I  = 
length  of  weir  in  inches:  h=  head  in  inches  flowing  over  weir,  measured  from  surface  of  still  water. 
To  change  miles  to  inches  on  map: 

Scale  1:  125000, 1  mile=0.60688  inch. 
Scale  1:    90000, 1  mile=0. 70400  incli. 
Scale  1:    62600,  1  mile -1.01376  inches. 
Scale  1 :    46000, 1  mile=1.40«00  inches. 

rrEL.D  METHOIXS  OF  MEASURING   STREAM  FL.OTV. 

The  methcxls  used  in  collecting  these  data  and  in  preparing;  them  for  publication 
are  given  in  detail  in  Water-Supply  Papers  No.  94  (Hydrographic  Manual,  U.  S. 
Cieological  Survey)  and  No.  95  (Accuracy  of  Stream  Measurements).  In  order  tliat 
persons  using  this  report  may  readily  become  acquainted  with  the  general  methotl^ 
employed,  the  following  brief  description  is  given: 

Streams  may  be  divided,  with  respect  to  their  physical  conditions,  into  three  classes: 
(1)  Those  with  permanent  Ixnis;  (2)  thase  with  l)edH  which  change  only  during 
extreme  low  or  high  water;  (3)  those  with  conntantly  shifting  l)ed8.  In  estimating; 
the  daily  flow  8|>ecial  methods  are  necessary  for  each  cla-ss.  The  data  upon  which 
these  estimates  are  base<l  and  the  methods  of  collecting  them  are,  however,  in  gen- 
eral the  same. 

There  are  three  distinct  methods  of  determining  the  flow  of  open-channel  streams: 
(1)  By  measurements  of  sloi)e  ami  cross  section  and  the  use  of  Chezy^s  and  Kutter's 
fonnulas;  (2)  by. means  of  a  weir;  (3)  by  measurements  of  the  velocity  of  the  cur- 
rent and  of  the  area  of  the  cross  section.  The  metluxl  chosen  for  any  case  depends 
upon  the  local  physical  conditions,  the  degree  of  accuracy  desired,  the  funds  avail- 
able, and  the  length  of  time  that  the  record  is  to  be  continue<l. 
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Slope  method. — Much  information  has  been  collected  relative  to  the  coefficients  to 
be  used  in  the  Chezy  formula,  v=c>/r  8.  This  has  been  utilized  by  Kutter,  l)oth  in 
developing  his  formula  for  c  and  in  determining  the  values  of  the  coefficient  n,  which 
api>eare  therein.  The  results  obtained  by  the  slope  method  are  in  general  only 
roughly  approximate,  owing  to  the  difficulty  in  obtaining  accurate  data  and  the 
uncertainty  of  the  value  for  n  to  be  used  in  Kutter's  formula.  The  most  common 
use  of  this  method  is  in  estimating  the  flood  discharge  of  a  stream  when  the  only 
<lata  available  are  the  cross  section,  the  slope  as  shown  by  marks  along  the  bank,  and 
a  knowledge  of  the  general  conditions. 

Weir  method.  —When  funds  are  available  and  the  conditions  are  such  that  sharp- 
crested  weirs  can  be  erected,  these  offer  the  best  facilities  for  determining  flow.  If 
dams  are  suitably  situated  and  constructed  they  may  be  utilized  for  obtaining  reli- 
able estimates  of  flow.  The  conditions  necessary  to  insure  good  results  may  be 
divided  into  two  classes:  (1)  Those  relating  to  the  physical  characteristics  of  the  dam 
itself  and  (i')  those  relating  to  the  diversion  and  use  of  water  around  and  through 
the  dam. 

The  physical  requirements  are  as  follows:  (a)  Sufficient  height  of  dam,  so  that 
backwater  will  not  interfere  with  free  fall  over  it;  (b)  absence  of  leaks  of  appreci- 
able magnitude;  (c)  topography  or  abutments  which  confine  the  flow  over  the  dam 
at  high  stages;  (<1)  level  crests,  which  are  kept  free  from  obstructions  caused  by 
floating  logs  or  ice;  (e)  crests  of  a  type  for  which  the  coefficients  to  be  used  in 
Q=r  h  h^j  or  some  similar  standard  weir  formula,  are  known  (see  Water-Supply 
Paper  No.  150);  (f)  either  no  flash  boards  or  exceptional  care  in  reducing  l^kage 
through  them  and  in  recording  their  condition. 

Preferably  there  should  be  no  diversion  of  water  through  or  around  the  dam. 
Generally,  however,  a  dam  is  built  for  purposes  of  power  or  navigation,  and  part  or 
all  of  the  water  flowing  past  it  is  diverted  for  such  uses.  This  water  is  measured  and 
added  to  that  passing  over  the  dam.  To  insure  accuracy  in  such  estimates  the  amount 
of  water  diverted  should  be  reasonably  constant.  Furthermore,  it  should  be  so 
diverted  that  it  can  l>e  measured,  either  by  a  weir,  a  current  meter,  or  a  simple 
system  of  water  wheels  which  are  of  standard  make,  or  which  have  been  rated  as 
meters  under  working  conditions  and  so  installed  that  the  gate  openings,  the  heads 
under  which  they  work,  and  their  angular  velocities  may  be  accurately  observeil. 

The  combination  of  physical  conditions  and  uses  of  the  water  should  be  such  that 
the  estimates  of  flow  will  not  involve,  for  a  critical  stage  of  considerable  duration 
the  use  of  a  head,  on  a  broad-crested  dam,  of  less  than  6  inches.  Moreover,  when 
all  other  conditions  are  goo<l,  the  cooj>eration  of  the  owners  or  operators  of  the 
plant  is  still  essential  if  reliable  results  are  to  be  obtaine<l. 

A  gaging  station  at  a  weir  or  dam  has  the  general  advantage  of  continuity  of 
record  through  the  perio<ls  of  ice  and  floods  and  the  disadvantages  of  uncertainty  of 
coefficient  to  be  used  in  the  weir  formula  and  of  complications  in  the  diversion  and 
use  of  the  water. 

Velocity  method. — The  detennination  of  the  quantity  of  water  flowing  past  a  certain 
section  of  a  stream  at  a  given  time  is  termed  a  discharge  measurement.  This  quantity 
is  the  product  of  two  factors— the  mean  velocity  and  the  area  of  the  cross  section. 
The  mean  velocity  is  a  function  of  surface  slope,  wetted  perimeter,  roughness  of  bed, 
and  the  channel  conditions  at,  al)ove,  and  below  the  gaging  section.  The  area  depends 
upon  the  contour  of  the  bed  and  the  fluctuations  of  the  surface.  The  two  principal 
ways  of  measuring  the  veloi'ity  of  a  stream  are  by  floats  and  current  meters. 

Great  care  is  taken  in  the  selection  and  ecjuipment  of  gaging  stations  for  determin- 
ing discharge  by  velocity  measurements  in  order  that  the  data  may  have  the  required 
degree  of  accuracy.  Their  essential  requirements  are  practically  the  same  whether 
the  velocity  is  determined  by  meters  or  floats.    They  are  located  as  far  as  pcesiblo 
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where  the  channel  is  straight  both  above  and  l)elow  the  gaging  section;  where  there 
are  no  cross  currents,  backwater,  or  boils;  where  the  bed  of  the  stream  is  reafionably 
free  from  large  projections  of  a  permanent  character,  and  where  the  banks  are  high  and 
subject  to  overflow  only  at  flood  stages.  The  station  must  be  so  far  removed  from 
the  effects  of  tributary  streams,  dams,  or  other  artificial  obstructions  that  the  gaf^ 
height  shall  be  an  index  of  the  discharge. 

There  are  generally  pertinent  to  a  gaging  station  certain  permanent  or  semiperma- 
nent structures  which  are  usually  referred  to  as  "equipment."  These  are:  A  gage  for 
determining  the  fluctuations  of  the  water  surface,  bench  marks  to  which  the  datum 
of  the  gage  is  referred,  permanent  marks  on  a  bridge,  or  a  tagged  line  indicating  the 
points  of  measurement,  and  where  the  current  is  swift,  some  appliance  (generally  a 
secondary  cable)  to  hold  the  meter  in  position  in  the  water.  As  a  rule,  the  stations 
are  located  at  bridges  if  the  channel  conditions  are  satisfactory,  as  from  them  the 
observations  can  more  readily  be  made  and  the  cost  of  the  equipment  is  small. 

The  floats  in  common  use  are  the  surface,  subsurface,  and  tube  or  rod  floats.  A 
corked  bottle  with  a  flag  in  the  top  and  weighted  at  the  bottom  makes  one  of  the 


Fig.  1.— Cable  station,  showing  section  of  river,  car,  gage,  etc. 

most  satisfactory  surface  floats,  and  it  is  affected  but  little  by  wind.  In  case  of  flood 
measurements  good  results  can  l)e  obtained  by  observing  the  velocity  of  floating 
cakes  of  ice  or  debris.  In  case  of  all  surface-float  measurements  coefficienta  must  he 
use<i  to  reduce  the  observed  velocity  to  the  mean  velocity.  The  subsurface  and  tiiW 
or  rod  floats  are  intended  to  give  directly  the  mean  velocity  in  the  vertical.  Tubes 
give  excellent  results  when  the  channel  conditions  are  good,  as  in  canals. 

In  measuring  velocity  by  a  float,  ol)servation  is  made  of  the  time  taken  by  the 
float  to  pass  over  the  "run,"  a  selected  stretch  of  river  from  50  to  200  feet  long.  Id 
each  discharge  measurement  a  large  number  of  velocity  determinations  are  made  at 
different  points  across  the  stream,  and  from  these  obwervations  the  mean  velocity 
for  the  whole  section  is  determined.  This  may  be  done  by  plotting  the  mean  poei- 
tions  of  the  floats  as  indicated  by  the  distances  from  the  bank  as  ordinates  and  the 
corresponding  times  as  abscissas.  A  curve  through  these  points  shows  the  mean 
time  of  run  at  any  point  across  the  stream,  and  the  mean  time  for  the  whole  stream 
is  obtained  by  dividing  the  area  boundetl  by  this  curve  and  its  axis  by  the  width. 
The  length  of  the  run  divided  by  the  mean  time  gives  the  mean  velocity. 

The  area  used  in  float  measurements  is  the  mean  of  the  areas  at  the  two  ends  oi 
the  run  and  at  several  interme<liate  sections. 

The  essential  parts  of  the  current  meters  in  use  are  a  wheel  of  some  type,  so  oon- 
stnicted  that  the  imi>act  of  flowing  water  causes  it  to  revolve,  and  a  device  for  record- 
ing or  indicating  the  nuni])er  of  revolutions.  The  relation  l)etween  the  velocity  of 
the  moving  water  and  the  revolutions  of  the  wheel  is  determined  for  each  meter. 
This  rating  is  done  by  drawing  the  meter  through  still  water  for  a  given  distance  at 
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different  speeds,  and  noting  the  number  of  revolutions  for  each  run.  From  these 
data  a  rating  table  is  prepared  which  gives  the  velocity  per  second  for  any  number 
of  revolutions. 

Many  kinds  of  current  meters  have  been  constructed.  They  may,  however,  be 
classed  in  two  general  types — those  in  whicli  the  wheel  is  made  up  of  a  series  of  cups, 
as  the  Price,  and  those  having  a  screw-propeller  wheel,  as  the  Haskell.  Each  meter 
has  been  developed  for  use  under  some  special  condition.  In  the  case  of  the  small 
Price  meter,  which  has  been  largely  developed  and  has  l)een  extensively  used  by 
the  United  States  Geological  Survey,  an  attempt  has  been  made  to  get  an  instrument 
which  could  be  used  under  practically  all  conditions. 

Current-meter  measurements  may  Ikj  made  from  a  bridge,  cable,  l)oat,  or  by 
wading;  and  gaging  stations  may  be  classified  in  accordance  with  such  use.  (Fig.  1 
shows  a  typical  cable  station. ) 

In  makiug  the  measurement  an  arbitrary  number  of  points  are  laid  off  on  a  line 
perpendicular  to  the  thread  of  the  stream.  The  point«  at  which  tlie  velocity  and 
depth  are  observed  are  known  as  measuring  points,  and  are  usually  fixed  at  regular 
intervals,  varying  grom  2  to  20  feet,  depending  ujwn  the  size  and  condition  of  the 
stream.  Perpendiculars  dropped  from  the  measuring  points  divi<le  the  gaging  sec- 
tion into  strips.  For  each  strip  or  i)air  of  strips  the  mean  velcxrity,  area,  and 
discharge  are  determined  independently,  so  that  conditions  existing  in  one  part  of 
the  stream  may  not  be  extended  to  parts  where  they  do  not  apply. 

There  are  in  general  use  three  classes  of  methods  of  measuring  velocity  with 
current  meters — multiple-point,  single-point,  and  integration. 

The  three  principal  multiple- point  methods  in  general  use  are — the  vertical  velocity- 
curve;  0.2  and  0.8  depth;  and  top,  bottom,  and  mid  depth. 

In  the  vertical  velocity-curve  methwi  a  series  of  velocity  determinations  are  made  in 
each  vertical  at  regular  intervals,  Usually  from  0.5  to  1  foot  apart.  By  plotting  these 
velocities  as  abscissas  and  their  depths  as  ordinates,  and  drawing  a  smooth  curve 
among  the  resulting  points,  the  vertical  velocity-curve  is  developed.  This  curve 
shows  graphically  the  magnitude  and  changes  in  velocity  from  the  surface  to  the 
bottom  of  the  stream.  The  mean  velocity  in  the  vertical  is  then  obtained  by  divid- 
ing the  area  bounded  by  this  velocity  curve  and  its  axis  by  the  depth.  On  aciK)unt 
of  the  length  of  time  required  to  make  a  complete  measurement  by  this  method,  its 
use  is  limited  to  the  determination  of  coefficients  for  purposes  of  comparison  and  to 
measurements  under  ice. 

In  the  second  multiple-point  methwl  the  meter  is  held  successively  at  0.2  and  0.8 
of  the  depth  and  the  mean  of  the  velocities  at  these  two  points  is  taken  as  the  mean 
velocity  for  that  vertical.  Assuming  that  the  vertical  velocity-curve  is  a  common 
parabola  with  horizontal  axis,  the  mean  of  the  velocities  at  0.22  and  0.79  of  the 
depth  will  give  (closely)  the  mean  velocity  in  the  vertical.  Actual  observations 
under  a  wide  range  of  conditions  show  that  this  second  multiple-point  method  gives 
the  mean  velocity  very  closely  for  open-water  conditions  where  the  depth  is  over  6 
feet  and  the  bed  comparatively  smooth,  and  moreover  the  indications  are  that  it  will 
hold  nearly  as  well  for  ice-covered  rivers. 

In  the  third  multiple-point  methwl  the  meter  is  held  at  mid  depth,  at  0.5  foot  below 
the  surface,  and  at  0.6  foot  above  the  bottom,  and  the  mean  velo<*ity  is  determined  by 
dividing  by  6  the  sum  of  the  top  velixdty,  4  times  the  mid  depth  velocity,  and  the 
bottom  velocity.  This  method  may  be  modified  by  observing  at  0.2,0.6,  and  0.8 
depth. 

The  single-point  method  consists  in  holding  the  meter  either  at  the  depth  of  the 
thread  of  mean  velocity,  or  at  an  arbitrary  depth  for  which  the  (^oeflicient  for  re<luc- 
ing  to  mean  velocity  has  been  determined. 

Extensive  experiments  by  verti(al  vel<xrity-curve»  show  that  the  thread  of  mean 
velocity  generally  occors  at  from  0,5  to  0.7  of  the  total  depth.     In  general  ] 
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the  thread  of  mean  velocity  ie  considered  to  be  at  0.6  depth,  at  which  point  the  meter 
ia  held  in  a  majority  of  the  measuremente.  A  large  number  of  vertical  velocity-curve 
measurements,  taken  on  many  streams  and  under  varying  conditions,  show  that  the 
average  coefficient  for  reducing  the  velocity  obtained  at  0.6  depth  to  mean -velocity 
is  practically  unity. 

In  the  other  principal  single-point  method  the  meter  is  held  near  the  surfiice, 
usually  1  foot  below,  or  low  enough  to  be  out  of  the  effect  of  the  wind  or  other  dis^- 
turbing  influences.  This  is  known  as  the  subsurface  method.  The  coefUcient  for 
reducing  the  velocity  taken  at  the  subsurface  to  the  mean  has  been  found  to  be  from 
0.86  to  0.95,  depending  upon  the  stage,  velocity,  and  channel  conditions.  The  higher 
the  stage  the  larger  the  coefficient.  This  method  is  specially  adapted  for  flood  meas- 
urements, or  when  the  velocity  is  so  great  that  the  meter  can  not  be  kept  at  0.6 
depth. 

The  vertical-integration  method  consists  in  moving  the  meter  at  a  slow,  uniform 
speed  from  the  eurf&ce  to  the  bottom  and  back  again  to  the  sur&tce,  and  noting  the 
number  of  revolutions  and  the  time  taken  in  the  operation.  This  method  has  the 
advantage  that  the  velocity  at  each  point  of  the  vertical  is  measured  twice.  It  is 
well  adapted  for  measurements  under  ice  and  as  a  check  on  the  point  methods. 

The  area,  which  is  the  other  iactor  in  the  velocity  method  of  determining  the  dis- 
charge of  a  stream,  depends  on  the  stage  of  the  river,  which  is  observed  on  the  gage, 
and  on  the  general  contour  of  the  bed  of  the  stream,  which  is  determined  by  sound- 
ings. The  soundings  are  usually  taken  at  each  measuring  point  at  the  time  of  the 
dischai^  measurement,  either  by  using  the  meter  and  cable,  or  by  a  special  sound- 
ing line  or  rod.  For  streams  with  permanent  beds  standard  cross  sections  are  u«i- 
ally  taken  during  low  water.  These  sections  serve  to  check  the  soundings  which  are 
taken  at  the  time  of  the  measurements,  and  from  them  any  change  which  may  have 
taken  place  in  the  bed  of  the  stream  can  be  detected.  They  are  also  of  value  in 
obtaining  the  area  for  use  in  computations  of  high-water  measurements,  as  accurate 
soundings  are  hard  to  obtain  at  high  stages. 

In  computing  the  discharge  measurements  from  the  observed  velocities  and  depths 
at  various  points  of  measurement,  the  measuring  section  is  divided  into  elementary 
strips,  as  shown  in  fig.  I,  and  the  mean  velocity,  area,  and  discharge  are  determined 
separately  for  either  a  single  or  double  strip.  The  total  discharge  and  the  area  are 
the  sums  of  those  for  the  various  strips,  and  the  mean  velocity  is  obtained  by  divid- 
ing the  total  discharge  by  the  total  area. 

The  determination  of  the  flow  of  an  ice-covered  stream  is  difficult,  owing  to  diver- 
sity and  instability  of  conditions  during  the  winter  period,  and  also  to  the  lack  of 
definite  information  in  regard  to  the  laws  of  flow  of  water  under  ice.  The  method 
now  employed  is  to  make  frequent  discharge  measurements  during  the  frozen  periods 
])y  the  vertical  velocity-curve  method,  and  to  keep  an  accurate  record  of  the  condi- 
tions, such  as  the  gage  height  to  the  surface  of  the  water  as  it  rises  in  a  hole  cut  in 
the  ice,  the  thickness  and  character  of  the  ice,  etc. 

From  these  data  an  approximate  estimate  of  the  daily  flow  can  be  made  by  con- 
structing a  rating  curve  (really  a  series  of  curves)  similar  to  that  used  for  open  chan- 
nels, but  considering  in  addition  to  gage  heights  and  discharge,  varying  thickness  of 
ice.  Such  data  as  are  available  in  regard  to  this  subject  are  published  in  Wate^ 
Supply  Paper  No.  146,  pp.  141-148. 

OFFICE  METHODS  OF  COMPUTING  RUN-OFF. 

There  are  two  principal  methods  of  estimating  nm-off,  depending  upon  whether  or 
not  the  bed  of  the  stream  is  permanent. 

For  stations  on  streams  with  permanent  beds,  the  first  step  in  computing  the  run- 
off is  the  construction  of  the  rating  table,  which  shows  the  discharge  corresponding  tu 
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any  stage  of  tlie  ntreani.  This  rating  table  is  applied  to  the  reirord  of  stage  to  deter- 
mine the  amount  of  water  flowing.  The  construction  of  the  rating  table  depends  upon 
the  method  used  in  measuring  flow. 

For  a  station  at  a  weir  or  dam,  tlie  basis  for  the  rating  table  is  some  standanl  weir 
formula.  The  coefficients  \o  be  used  in  its  application  de})end  upon  the  type  of  dam 
and  other  conditions  near  its  crest.  After  inserting  in  the  weir  formula  the  measured 
length  of  crest  and  assumed  coefficient,  tlie  discharge  is  computed  for  various  heads 
and  the  rating  table  constructe<i. 

The  data  necessary  for  the  constniction  of  a  rating  table  for  a  velocity-area  station 
are  the  results  of  the  discharge  measurements,  which  include  the  record  of  stage  of 
the  river  at  the  time  of  measurement,  the  area  of  the  cross  section,  the  mean  velocity 
of  the  current,  and  the  quantity  of  water  flowing.  A  thorough  knowledge  of  the 
conditions  at  and  in  the  vicinity  of  the  station  is  also  necessary. 


Fig  '2.— Diwharge,  urea,  nnd  mt'iin  vehK'ity  curvcH  for  South  Fork  of  SkykomiMh  River  near 

Index.  Wash. 

The  construction  of  the  rating  table  depends  upon  the  following  laws  of  flow  for 
open,  permanent  channels:  (1 )  The  discharge  will  remain  constant  so  long  as  the  con- 
ditions at  or  near  the  gaging  station  remain  constant.  (2)  Negle('ting  the  change  of 
elope  due  to  the  rise  and  fall  of  the  stn'am,  the  discharge  will  be  the  same  whenever 
the  stream  is  at  a  given  stage.  (3)  The  discharge  is  a  function  of  and  increases  grad- 
ually with  the  stage. 

The  plotting  of  results  of  the  various  discharge  measurements  using  gage  heights 
as  ordinates  and  discharge,  mean  velo<'ity,  and  area  as  abscissas,  will  define  curves 
w^hich  show  the  discharge,  mean  velocity,  and  area  corresponding  to  any  gage  height. 
For  the  development  of  these  curves  there  should  be  therefore  a  sufficient  numl)er 
of  discharge  measurements  to  cover  the  range  of  the  stage  of  the  stream.  Fig.  2 
shows  a  typical  rating  curve  with  its  corres[)onding  mean  velocity  antl  area  cur\'e8. 

As  the  discharge  is  the  product  of  two  factors,  the  area  and  the  mean  velocity,  any 
change  in  either  factor  will  produce  a  corresi>onding  change  in  the  discharge.  Their 
curves  are,  therefore,  constnicted  in  order  to  study  each  independently  of  the  other. 

The  area  curve  can  be  definitely  determined  from  accurate  soundings  extending  to 
the  limits  of  high  water.     It  is  always  concave  toward  the  horizontal  axis  or  on  9^ 
straight  line,  unless  the  banks  of  the  stream  are  overhanging. 
IBB  166— 06 2 
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The  form  of  the  mean-velocity  curve  depends  chiefly  upon  the  surface  slope,  the 
roughness  of  the  bed,  and  the  cross  section  of  the  stream.  Of  these,  the  slope  is  the 
principal  factor.  In  accordance  with  the  relative  change  of  these  factors  the  curve 
may  be  either  a  straight  line,  convex  or  concave  toward  either  axis,  or  a  combina- 
tion of  the  three.  From  a  careful  study  of  the  conditions  at  any  gaging  station,  the 
form  which  the  vertical  velocity-curve  will  take  can  be  predicted,  and  it  may  be 
extended  with  reasonable  certainty  to  stages  beyond  the  limits  of  actual  measure- 
ments. Its  principal  use  is  in  connection  with  the  area  curve  in  locating  errors  in 
discharge  measurements  and  in  constructing  the  rating  table. 

The  discharge  curve  is  defined  primarily  by  the  measurements  of  dischai^,  which 
are  studied  and  weighted  in  accordance  with  the  local  conditions  existing  at  the 
time  of  each  measurement.  The  curve  may,  however,  best  be  located  between  and 
beyond  the  measurements  by  means  of  curves  of  area  and  mean  velocity.  This  curve 
under  normal  conditions  is  concave  toward  the  horizontal  axis  and  is  generally  para- 
bolic in  form. 

In  the  preparation  of  the  rating  table  the  discharge  for  each  tenth  or  half  tenth 
on  the  gage  is  taken  from  the  curve.  The  differences  between  successive  dischargee 
are  then  taken  and  adjusted  according  to  the  law  that  they  shall  either  be  constant 
or  increasing. 

The  determination  of  daily  discharge  of  streams  with  changeable  beds  is  a  diffi- 
cult problem.  In  case  there  is  a  weir  or  dam  available,  a  condition  which  seldom 
exists  on  streams  of  this  class,  estimates  can  be  obtained  by  its  use.  In  case  of 
velocity-area  stations  frequent  discharge  measurements  must  be  made  if  the  estimates 
are  to  be  other  than  rough  approximations.  For  stations  with  beds  which  shift  slowly 
or  are  materially  changed  only  during  floods,  rating  tables  can  be  prepared  for 
periods  between  such  changes,  and  satisfactory  results  obtained  with  a  limited  num- 
ber of  measurements,  provided  that  some  of  them  are  taken  soon  after  the  change 
occurs.  For  streams  with  continually  shifting  l^eds,  such  as  the  Colorado  and  Rio 
Grande,  discharge  measurements  should  Ik?  made  every  two  or  three  days,  and  the 
discharges  for  intervening  days  obtained  either  by  interpolation  modified  by  gage 
height  or  by  Professor  Stout's  method,  which  has  been  described  in  full  in  the 
Nineteenth  Annual  Report,  Part  IV,  imge  328,  and  in  the  Engineering  News  of  April 
21,  1904.  This  method,  or  a  graphical  application  of  it,  is  also  much  used  in  esti- 
mating flow  at  stations  where  the  bed  shifts  but  slowly. 
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Company,  for  furnishing  data  on  the  flow  of  Penobscot  River  at  Millinocket;  U.  C.  Lord,  of  East 
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ST.  JOHN  RIVER  DRAINAGE  BASIN. 

DESCRIPTION  OF  BASIN. 

St.  John  River  drains  the  largest  basin  between  St.  Lawrence  River  on  the  north 
and  Susquehanna  River  on  the  south.  Its  total  drainage  area  is  stated  by  Wells  ^'  to  be 
26,000  square  miles,  of  which  approximately  7,500  square  miles  lie  in  Maine,  its 
basin  occupying  the  whole  northern  portion  of  the  State.  The  extreme  headwaters 
lie  in  the  mountainous  region  between  Maine  and  Canada,  at  elevations  of  1,500  and 
2,000  feet;  thence  its  waters  flow  at  first  generally  northeastward  through  Maine. 
From  the  point  of  junction  of  the  northwest  and  southwest  branches,  where  the 
river  first  takes  its  name,  to  its  junction  with  St.  Francis  River,  a  distance  of  90 
miles,  its  course  lies  wholly  in  Maine,  though  a  portion  of  the  tributary  area  lies  in 
Canada.  In  this  distance  Alleguash  River  is  the  only  tributary  of  importance. 
Wells  estimates  the  average  slope  in  tlie  90  miles  to  be  1.6  feet  per  mile.  From  its 
junction  with  St.  Francis  River  the  St.  John  forms  the  northern  boundary  of  Maine 
for  70  miles.  Within  this  distance  the  slope  is  slightly  greater  than  above,  having 
been  estimated  at  2.7  feet  per  mile,  while  the  volume  is  considerably  augmented  by 
two  important  tributaries — Fish  River  from  the  south  and  Madawaska  River  from 
the  north.  At  the  point  where  it  leaves  the  State  line  the  river  has. an  elevation  of 
about  420  feet  above  sea  level  and  drains  an  area  of  8,765  s<iuare  miles,  of  which 


a  Wells,  Walter,  The  water  power  of  Maine.  1869. 
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4,670  square  miles  are  in  Maine  and  4,095  Rjuare  miles  in  Canada.  Beyond  this 
point  it  receives  the  waters  of  Aroostook  and  Meduxnekeag  rivers,  the  basins  of 
which  are  almost  entirely  in  Maine,  besides  several  smaller  tributaries  having  their 
sources,  and  in  some  cases  a  large  portion  of  their  drainage  basins  in  the  Bame  State. 

The  underlying  rock  is  generally  deep  and  either  calcareous  or  clay  slate.  The 
basin  is  well  forested  ;  large  areas  have  never  been  touched  by  the  ax,  while  other 
portions  have  been  lumbered  for  pine  only.  Probably  85  to  90  per  cent  of  the 
whole  basin  tributary  to  the  river  at  the  eastern  boundary  of  Maine  is  in  forest 

According  to  Wells,  the  ponds  and  lakes  in  this  basin  in  Maine  aggr^ate  a  total 
surface  area  of  314  square  miles.  Of  this  water  surface  120  square  miles,  or  38  per 
cent,  are  tributary  to  AUeguash  River  (36  square  miles  of  which  have  been  diverted 
to  Penobscot  River) ;  60  square  miles,  or  19  per  cent,  are  tributary  to  Aroostook 
River ;  and  80  square  miles,  or  25  per  cent,  are  tributary  to  Fish  River.  At  the  out- 
lets of  several  of  these  lakes  dams  have  been  built  which  store  water  to  be  used  in 
transporting  logs. 

Prior  to  1845  a  canal  was  cut  from  Telos  Lake,  in  the  Alleguash  basin,  to  Webster 
Lake,  in  the  Penobscot  basin,  and  a  dam  was  constnicted  between  Chamberlain  and 
Eagle  lakes.  Thus,  by  means  of  these  artificial  structures.  Chamberlain  Lake,  with 
its  drainage  basin  of  270  square  miles,  was  made  tributary  to  the  Penobscot.  This 
diversion  of  St.  John  water  is  still  continued.  During  the  log-driving  season,  which 
varies  considerably  in  its  duration,  nearly  all  of  the  run-off  from  this  area  is  thrown: 
to  the  Penobscot,  while  during  the  remainder  of  the  year  the  gates  in  the  dam  at 
Chamberlain  l^ke  are  opened  and  water  is  allowed  to  flow  both  ways.  On  account 
of  the  fact  that  the  gates  in  the  dam  at  the  outlet  of  Chamberlain  I^ke  are  alx>ut  ^ 
feet  lower  than  those  in  the  dam  at  Telos  I^ake,  the  flow  from  this  basin  to  the  St 
John  is  greater  than  that  to  the  Penobscot  when  the  gates  in  both  are  open.  As  the 
surface  of  the  lake  is  lowered  the  proportion  flowing  to  the  St.  John  increases  until 
at  extreme  low  water  none  flows  to  the  Penobscot. 

Both  the  upper  St.  John  and  Alleguash  rivers  are  generally  inaccessible.  Thf 
middle  portion,  forming  the  northern  Iwundary  of  the  State,  may  l)e  reached  on  the 
Canadian  side  at  any  point  by  the  Temiscouata  Railway,  or  in  Maine  at  Fort  Kent 
and  Van  Buren  by  the  Bangor  and  Aroostook  Railroad,  while  the  basins  of  Fish  and 
Aroostook  rivers  are  rendered  easily  accessible  ])y  means  of  the  latter  road.  The 
drainage  areas  of  the  stream  and  its  principal  tributaries  are  as  follows  : 

Drainage  areas  of  St.  John  River  and  jrr'mcipal  trihuUtries. 


River.  Ix>cality. 


'    .S?.  mUn. 

St.  John I  Below  Allegiiaah 4.SS 

Do i  Fort  Kent  gaffing  station ,  5.5# 

I)o Eastern  boundary  of  Maine '  iii,7e 

St.  Francis .Mouth .ti- 

Madawa^ka do l.flKi 

Toblque do '  1,716 

Alleguash do j  i,s» 

Fish do 

Do VVallagrass  gaging  station 


Aroostook j  Mouth 

Do Fort  Fairfield  gaging  station . 

Meduxnekeag I  Mouth 


m 

89 
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ST.  .TOHN  RIVER  AT  FORT  KENT,  ME. 

^  This  station  was  establishecl  October  13,  1905,  by  F.  E.  Pressey.  It  is  located  at 
the  footbridge  which  crot^ses  the  St.  John  near  Fort  Kent  post-oflSce,  a  short  distance 
above  the  point  where  Fish  River  enters  the  St.  John.  The  drainage  area  at  this 
point  is  5,280  square  miles. 

The  channel  is  straight  for  about  1,000  feet,  both  up  and  down  stream.  The  be<i 
in  of  gravel,  rocky  and  permanent.  Both  banks  are  high,  rocky,  cleared,  and  not 
subject  to  overflow,  except  in  extreme  freshets.  There  are  from  one  to  four  chan- 
nels, depending  on  the  stage  of  the  river,  and  the  river  at  ordinary  stage  is  about 
500  feet  wide.  The  flow  of  the  river  at  this  point  is  entirely  free,  and  there  are  no 
dams  in  this  region.  Al)out  50  miles  downstream  are  the  Grand  Falls,  an  important 
undeveloped  water  power. 

Measurements  of  flow  will  probably  be  made  from  the  upstream  side  of  the  foot- 
bridge, to  which  the  gage  is  attached.  The  initial  point  for  soundings  will  proba- 
bly })e  the  river  edge  of  the  left  abutment. 

The  gage  is  an  inclined  staff  22  feet  long,  in  two  sections,  attached  to  the  concrete 
pier  nearest  the  New  Brunswick  shore  of  the  river.  The  lower  part  of  the  gage  is 
placetl  in  ;«.  groove  in  the  side  of  the  pier.  The  upper  part  is  fastened  to  the  down- 
stream end  of  the  same  pier.  The  gage  is  read  by  A.  J.  Long.  It  is  referred  to 
bench  marks  as  follows:  (1)  Ctopper  bolt  in  bowlder  on  right  bank,  about  250  feet 
below  the  bridge;  elevation,  12.99  feet.  (2)  Top  of  igneous  rock  on  right  bank 
about  200  feet  below  the  bridge,  marked  "  B.  M.  -2  ";  elevation,  12.64  feet.  Eleva- 
tions refer  to  datum  of  the  gage. 

Discharge  meastirement  of  St,  John  River  at  Fori  Kent,  Me.,  in  1905. 


Date. 


Oct.  13a  . 


Hydrographer. 


'  Width. 


F.  E.  Presaey. 


I 


Feet. 
230 


Area  of 
section. 


Square 
feet. 
385 


Mean 
velocity. 


Feet  per 
second. 

1.71 


age 
i<3it. 


Feet. 
2.65 


Dis- 
charge. 


Second- 
feet. 

660 


a  Measured  partly  from  a  t>oat  and  partly  by  wading. 
FISH  lilVER  AT  WALLAGRASS,  ME. 

Fish  River  enters  the  St.  John  from  the  south  at  Fort  Kent.  It  has  a  total  drain- 
age area  of  910  square  miles,  all  of  which  lies  in  Maine  and  80  square  miles  of  which 
are  water  surface.  The  basin  is  very  generally  wooded,  probably  75  or  80  per  cent 
of  its  area  being  still  in  forest.  Of  the  several  available  power  sites  one  only  is  par- 
tially developed  and  used  for  the  manufacture  of  lumber.  The  underlying  rock  is 
shale  or  slate,  and  in  general  is  well  covered  by  soil. 

The  gaging  station  at  Wallagrass  was  established  July  29,  1903,  by  N.  C.  Grover. 
It  is  located  just  below  the  outlet  of  Wallagrass  Brook. 

The  channel  is  straight  for  500  feet  above  and  300  feet  below  the  cable,  and  is  about 
100  feet  wide.  The  bed  is  permanent  and  of  gravel.  The  depth  increases  gradually 
from  either  bank  to  a  maximum  at  low  water  of  3.5  feet  near  the  center.  The  current 
at  the  measuring  section  is  generally  strong.  The  banks  are  high  and  are  not  liable 
to  overflow. 

Discharge  measurements  are  made  from  a  cable  or  by  wading  at  low  stages  of  the 
river. 

A  standard  chain  gage,  which  is  read  once  each  day  by  Vital  E.  Michaud,  is 
attached  to  trees  on  the  bank  about  1,500  feet  upstream  from  the  cable.    The  length 
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of  the  chain  is  39.75  feet.  The  gage  is  referred  to  bench  marks  as  follows:  (1.)  Cop- 
per bolt  in  ledge  600  feet  downstream  from  gage;  elevation,  11.73  feet.  (2)  Nail 
driven  into  blazed  birch  tree  5  feet  upstream  from  gage;  elevation,  11.91  feet.  Ele- 
vations refer  to  datum  of  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply 
Papers  of  the  United  States  Geological  Sur\^ey: 

Description:  97,  pp  lC-17;  124,  pp  21-22. 
DL^vharge:  97,  p  17;  124,  p  22. 
Gage  heights:  97,  p  17;  124,  p23. 

Discharge  measuremenU  of  Fish  River  at  WaUagrass^  Me, ,  in  1905. 


Date. 


Hydrographer. 


May  18 '  Barrows  and  Pressey . 

June  29 E.  C.  Murphy 

August  30 F.  E.  Pressey 

October  10 do 


'  Width. 


Feet. 

156 

146 

92 

90 


Area  of  {'    Mean 
section,    velocity. 


Gafe 
leight. 


hei 


Square 
feet. 

940 

540 

168 

162 


I>is- 
cbaige. 


1  ^^^^ 

second. 

JWf. 

2.92 

7.84 

1.80 

4.83 

.60 

2.00 

.32 

1.74 

Second- 
/eft 

2. 740 

970 


Daily  gage  height^  infe^ty  of  Fish  River  at  Waltagrass^  Me,  y  for  1905. 


Day. 

Jan. 

Feb. 

Mar. 
3.8 

Apr. 
2.8 

May. 

7.4 
7.5 
7.5 
7.6 
7.8 
7.8 
8.3 
8.2 
8.1 
8.0 
7.9 
8.0 
8.0 
7.9 
7.8 
7.8 
8.0 
7.9 
7.8 
7.4 
7.4 
7.5 
7.6 
8.3 
8.0 
7.8 
7.4 
7.4 
7.3 
7.:? 
7.1 

June. 

7.0 

6.8 
68 
6.7 
6.5 
6.3 
6.3 
6.0 
6.0 
5.8 
5.9 
6.0 
6.2 
6.2 
6.2 
5.S 
5.4 
5.4 
5.6 
5.6 
5.7 
5.6 
5.6 
5.5 
5.3 
5.2 
5.1 
5.0 
4.8 
-l.H 

July. 

4.7 
4.7 
4.7 

Aug. 

2.8 
2.7 

Sept. 

1.9 
1.9 

Oct. 

Nov. 

Dec. 

1 

2 

2.0 

|-    2.0 

3 

4 

3.5 

2.0 

2.0 

1       2.0 

5 

4.7 

.a 

•>  s 

6 

4.1 

2.0 
2.0 

2.0 
1.8 

j      2.0 

7 

4.6 
4.5 

2.6 

8 

8.8 

2.0 

"2.0' 
2.0 

9 

3.9 

4.G 

4.3 

4.2 
4.0 

■'■3.V 

2.6 

2.'5" 
2.6 

2.0 
2.0 

■2.0' 

1.8 

1.8 

10 

11.. 

12 

3.5 

13 

5.8 



1.7 

1.7 

-2.0 
2.0 

14 

3.7 

2.5 
2.4 

1.8 

15 

3.9 

If, 

6.9 
7.0 
7.1 
7.0 
7.0 
7.1 
7.1 
7.1 
7.0 
7.0 
6.8 
6.8 
7.0 
6.9 
7.0 

1.8 

1.8 

2.1 

■»  7 

17 

3.7 

3.5 
3  5 

2.3 

•••2:3- 

18 

3. 5 

.... 

1.8 
1.9 

1.8 
1.8 

2.1 

2.1 
2.1 

2.2 

19 

20 
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3.4 

3.3 
3.1 

3.1 

3.0 

2.8 

2.2 

2.2 
2.2 

2.1 

1.9 

1.9 

1.9 
1.9 

1.8 

1.8 
1.8 

1.8 

22 

23 



3.9 

9  ^ 

24 

2.5 

"3.'4' 
3.9 

3.7 

26 

27 

3.0 

2.6 

28 

29 

2.0 

1.9 

1.8 

2.2 

30 

31 

2.0 

1.9 

1.8 
1.8 
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IkiUy  gage  height ^  infeet,  of  Fkh  River  at  WaUngraHS^  Me. ,  for  190/) — Continued. 

Note.— River  frozen  January  1  to  March  23  and  November  14  to  Det'embor  31.  For  thin  period  the 
readings  were  to  the  surface  of  the  water  in  a  hole  cut  in  the  ice.  The  following  comparative  read- 
ings were  taken: 


Date. 


January  4.. 
January  12. 
January  18. 
January  25. 
Januar>'31. 
Februarys. 
February  15 
Februar>-  22 
March  1 


Water    1 
surface. 


Top  of 
ice. 


Thick- 

nesHof 

ice. 


Frtt. 


3.5 
3.5  I 
3.5  , 

8:4  1 
3.9  !. 
3.8  . 
3.9, 
3.9 
3.8  1 


Fcfi. 


3.8  I 
3.7  ; 
3.7 

3.9  I 


I 


4.1 
4.0 
3.9 


FeH. 
1.3 

•  1.3 
1.4 
1.0 

.3 
.2 
.1 


Date. 


March  9 

March  14 

,  November  14 . 

November  28 . 

Decembers... 
'  December  16. - 
I  December 23.. 
.  December  26.. 

Il 


Water 
surfa<*c. 


Fffi. 
3.9 

3.7  , 
2.0  i 
2.2 
2.5 
2.7 

2.8  ' 
2.6 


^^*^'      I      ice. 


J-Yet. 


3.9 
3.8 


2.2 
2.5 
2.7 
2.8 
2.6 


I'Vei. 


alee  thin. 

Station  rating  table  for  Fiith  River  at   WallagrasSf  Me.  ^  from  July  29^  190Sj  to  December 

SL  IftOo. 


Gage 
height. 

Di.s(>harge. 

height. 

Diacharge. 

1 

Gage 
height. 

Discharge. 

(Jage 
height. 

Dincharge. 

Fed. 

Stcimd/tet.' 

... 

Sectyiul/ect} 

FnL 

Seamd/efi. 

Fret. 

Sfcoiid-/eet. 

1.70 

47 

3.40 

429  1 

5.20 

1.167  ; 

8.40 

3, 174 

1.80 

59;, 

3.50 

462  ' 

5.40 

1,268 

8.60 

3,328 

1.90 

72,! 

3.60 

496 

5.60 

1,372 

8.80 

8.487 

2.00 

86   , 

3.70 

531  1 

5.80 

1,479 

9.00 

8,660 

2.10 

102  i' 

3.80 

567 

6.00 

1,590  1 

9.20 

3,817 

2.20 

3.90 

604 

6.20 

1,705 

^9.40 

3,988 

2.30 

139   1 

4.00 

642 

0.40 

1,824 

9.60 

4,162 

2.40 

159 

4.10 

681  1 

6.60 

1,946  , 

9.80 

4,339 

2.50 

180   , 

4.20 

721 

6.80 

2,071  , 

10.00 

4,520 

2.60 

203  II 

4.30 

762 

7.00 

2.200 

10.60 

4,990 

2.70 

227   1 

4.40 

803 

7.20 

2,831  , 

11.00 

5,490 

2.80 

252   . 

4.50 

tM5 

7.40 

2,4^  1 

11.50 

6.000 

2.90 

279  :j 

4.60 

888 

7.60 

2,599  1 

12.00 

6,550 

3.00 

307   ! 

4.70 

932 

7.  MO 

2.738  j 

12.50 

7,100 

3.10 

336 

4.80 

971 

8.00 

2.880 

13.00 

7.650 

3.20 

366 

4.90 

1,023 

8.20 

3,025 

13.50 

8,250 

3.30 

""ii 

5.00 

1,070 

i 

Note.— The  above  table  i«  applicable  onlv  for  open-channel  condltitms.    It  in  based  on  17  discharge 
measuremeutH  made  during  1903-1905.     It  Im  well  detlned  throughout. 
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EKtimcUed  monthly  dwcharge  of  Fish  Ri\^  at  WaUagrasSy  Me. ,  for  1908-1906. 
r Drainage  area,  890  square  miles.] 


Discharge  in  sei'ond-feet. 


Run-off. 


Month. 

1903. 

August 

September , 

October 

November  1-29 

1904. 

May 

June 

July 

Augu&t 

September 

October 

November , 

1905. 

April  16-30 

May 

June 

July 

August , 

September 

October , 

November  1-13 , 


I 
Maximum.!  Minimum. 


Second-feet  i  x\^^*v,  j,. 

Mean.      per  .square  I  ^^^Pi^J" 

n^e.        I   ^"^^^'^ 


681 

366 

484 

0.544 

366 

139 

242 

.272 

139 

86 

93.6 

.106 

279 

102 

204 

.229 

8,370 

3,817 

6.360 

7.15 

3,902 

1,023 

2,045 

2.  SO 

1,070 

531 

742 

.834 

496 

366 

392 

.440 

1,268 

366 

898 

1.01 

1,824 

1,070 

1,513 

1.70 

1,070 

496 

727 

.817 ; 

2,265 

2,071 

2, 151 

2. 42 

3,099 

2,265 

2,761 

3.10 

2,200 

977 

1,514 

1.70 

932 

252 

597 

.671 

252 

79 

158 

.178 

86 

59 

74.3 

.083 

86 

47 

62.8 

.071 

86 

72 

81.9 

.095 

0.627 
.3W 
.121 
.247 

8.24 

2.57 

.962 

.fWT 

1.13 

1.9t> 

.912 

1.3:» 

3,58 
1-90 
.774 
.205 
.093 
.O^J 
.  mil 


Note.— Ice  conditions  November  30  to  December  31,  1903.  and  during  December,  1904.  No  t^tim*u- 
made  from  February  14  to  April  30,  1904,  on  account  of  probable  ice  condiiiouH.  Discharge  fi»r  iyu5 
interpolated  on  days  when  gage  was  not  read.    See  t<ible  of  gage  heights. 


AROOSTOOK  RIVER  AT  FORT  FAIRFIKLD,  ME. 

Aroostook  River  enters  the  8t.  John  from  the  west  near  Aroostook  Junction,  in 
the  Province  of  New  Brunswick.  It  has  a  total  drainage  area  of  2,350  square  miles, 
of  which  2,320  square  miles  lie  in  Maine.  Probably  80  per  cent  of  the  whole  ba.*iin 
is  in  forest.  The  underlying  rock  is  usually  slate.  Lake  storage  is  used  for  driving 
logs  only.  Water  power  is  used  in  Presque  Isle.  The  principal  falls  on  the  river, 
known  as  Aroostook  Falls,  lie  in  Canada. 

The  gaging  station  was  established  July  31,  1903,  by  N.  C.  Grover.  It  is  hxrateil 
at  the  steel  highway  bridge  in  the  village  of  Fort  Fairfield. 

The  channel  is  straight  for  at  least  1,000  feet  above  and  below  the  station,  and  l" 
about  350  feet  wide,  broken  by  three  piers.  The  bed  is  of  gravel  and  permanent. 
The  banks  are  high  and  not  liable  to  overflow.  The  current  is  medium  at  low  water 
and  swift  at  high  water. 

Dis(!harge  measurement'*  at  all  ordinary  stages  are  made  from  the  bridge  to  which 
the  gage  is  attached.  The  initial  point  for  soundings  is  on  the  right  bank  at  the 
lower  end  of  the  inclined  end  post  of  the  downstream  truss.  At  low  water  discharge 
measurements  are  made  by  wading  at  a  section  a  short  distance  below  the  bridge. 

A  standard  chain  gage,  which  is  read  twice  each  day  by  F.  E.  Petersen,  is  attached 
to  the  steel  webbing  of  the  upstream  truss  of  the  bridge.  The  length  of  the  chain  is 
27.61  feet.  The  gage  is  referred  to  bench  marks  as  follows:  (1)  Northwest  corner 
of  south  abutment;  elevation,  22.43  feet.  (2)  Marked  point  on  connection  plate 
near  gage;  elevation,  23.H0  feet.     Elevations  refer  to  the  datum  of  the  gage. 
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Information  in  regard  to  this  station  is  containe<l  in  the  following  Water-Supply 
Papers  of  the  United  States  Geological  Survey: 

Description:  97,  pp  17-18;  124,  pp ^23-24. 
Disohan?e:  97,  p  18;  124.  p  24. 
Discharge,  monthly:  124,  pp  26. 
Huge  heightR:  97,  p  18;  124.  pp  24-25. 
Rating  t^tble:  124.  pp  25. 

I>iitchar(fe  meainirementsof  Aroostock  River  rtt  Fort  Fahjield,  3/!^.,  in  1905. 


l)Ht«-. 


Hydrographer. 


I  Width. 


Area  of 
miction. 


Mean    : 
velw'ity. 


Gage 
height. 


Dis- 
charge. 


Feet 


May  15 Barrows  and  Pressey . 

June  27 |  E.  C.  Murphy 

A  UKU.«*t  24 F.  E.  Pressey 

October  16  '• ' do 


I.    I  .S(/.  feet.    Ft.ptTKC. 


397 

301  I 
241 

187  I 


1,660  I 

750 ; 

355  I 
224  i 


1 


«  By  wading  about  900  feet  below  gage. 


3.67 
2.07  I 
.49  . 

.52  I 


Fret.  I  Se  .-feet. 
6.67  I  6,090 
4.30  I  1,550 

3. 10  ■  175 

2.96  117 


Daily  gwje  height,  infeety  of  ArfXtMonk  Rirer  id  Fort  Fairfield^  Me.^ftrr  1905. 


Day. 
1        

Jan.  1 

Feb. 

Mar. 

Apr. 

May. 

June. 

5.85 
5.7 

5.CA   ; 

5.6 

l:. :::::;:':::::::r::::; 

3 1 -- 

4 

1 
1 

4.4 

4.6 

1 

5 

1 

6                           1                            1 

t             '    ^'^ 

4.1  i 

..............    ^.^    ^ 

8 

5.» 

4.95 

4.65 

4.6 

4.6 

9 

..... 

10 r;::;:i;::;::T:::::: 

11 

1 

4.4 

4.5 



12 

J 

13 

:::::j:::::;;L:::::i:::::::L::::: 

4.8 

14 

4.8  1 

1 

5.05 

1.. 



5  2 

16 

::::::j::::::t':':::j :t:--: 

5  15 

17 

4.7 

1 

4.95 

18 

4.3 

1 

4.75 

19 

1 

1 

4.8 

20 

1 

4.7 

• 

4.9 

21 

1 

5. 05 

22 

1 ■ 

5.05 
4.95 
4.75 

23 

1 

•^:....::;.:..:.:..:.:!::::::- 

1 

25 

1 

4.4 

i 

4,W 

26 

....:;:.:::::::i::::::: 

4.5 

27 1 

4.8 
5.1 

.5.9 

1 

4  4 

28 

29 

4.4' 



4.4 
4. 25 

30 

4.2 

31 1 i ;._.-  .  -_    1    - 

1 

4.2 

4.2 

4.3 

4.35 

4.3 

4.25 

4.2 

4.05 

3.7 

S.85  I 

3.8    ' 

3.7.5 ; 

3.65 

3.r»5 

3.6 
3.55  I 
3.6  j 
3.6  I 
3.55  I 
3.55  ! 
3.6  I 
3.5  ' 
3.5  I 
3.5  I 
3.5 
3.5  I 
3.5  I 
3.5 
3.5  I 
3.  45  I 
3.5 


I 


Aug. 

3.5 

3.5 

8.5 

3.45 

3.35 

3.3 

3.25 

3.3 

3.2 

3.8 

3.8 

3.3 

3.3 

3.4 

3.35 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.25 

3.2 

3.15 

3.0 

3.1 

3.0 

3.05 

3.1 

3.1 

3.O0 


Sept.     Oct. 


Note.— River  was  frozen  January  1  t)  about  April  1  and  December  1-31 
and  below  bndge  November  21-30.  During  fnizeu  period  the  reading.s 
water  in  a  bole  cut  in  the  ice. 


3.06 

3.1 

3.1 

3.0 

3.15 

3.2 

3.15 

3.05 

3.1 

8.1 

3.0 

3.0 

8.1 

3.05 

8.0 

3.0 

3.0 

8.1 

3.1 

3.15 

3.15 

8.2 

3.2 

3.1 

3.1 

3.15 

3.1 

3.2 

3.2 

3. 15 


.     Rive 
were  t 


Nov. 

Dec. 

3., 

8.15 

3.3 

1    3.55 

8.85 

3.6 

3.45 

3.3 

1    3.3 

3.6 

1    ^--^ 

'    3.4 

3.4 

3.4 

3.4 

3.35 

8.4 

3.5 

3.4 

3.4 

3.4 

1    3.  a'l 

1    3.45 



1     3.4 

1    3.4 

8.7 

1    3.4 

1     3.4 

3.4 

3.4 

1    3.1 



3.4 

1    3.4 

1 

3.6 

3.1 

3.1 

3.15 

8.1 

8.1 

3.1 

3.05 

3.0 

3.0 

3.0 

8.0 

3.05 

3.0 

3.0 

3.0 

8.0 

8.0 

3.1 

3.0 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

3.0 

3.1 

3.1 

3.1 

3.1 


frozen  over  above 
the  surface  of  the 
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The  following  coin|>arative  readings  were  taken: 


Date. 


January?... 
January  14.. 
January  21.. 
January  28.. 
February  4  . 
February  11 
February  18 
February  26 

March  4 

March  11... 
March  17... 
March  20.... 
March  27 ... . 
March  28.... 
March  29.... 
Decembers. 
December  16 
December  23. 
December  81 


Water 
surface. 


TOP  or  I  ^, 

'*^-      :     kt. 


Prei. 
4.1 
4.S 
4.4 
4.4 
4.4 
4.4 
4.3 
4.4 
4.6 
4.6 
4.7 
4.7 
4.8 
6.1 
6.9 
8.6 
8.6 
8.7 
8.6 


Feet. 
4.3 
4.4 
4.5 
4.6 
4.7 
4.6 
4.6 
4.6 
4.5 
4.7 
4.9 
4.8 
4.8 
5.4 
6.3 
8.8 
8.7 
8.7 


AVrt. 
1.3 
l.i 
U 
11 
11 
11 
1! 
14 
1! 
II 

(•) 

(«) 

(.. 
<•) 
.( 
.S 
l.« 
1.1 


a  Ice  unsafe. 

Station  rating  table  for  ArooMook  River  at  Fort  Fairfield,  }fe,,  frotn  January  J  to 

December  SI,  1905. 


Gage 
height. 

Dlwharge. 

Gage 
height. 

DiHcharge.,1 

Gage 
height. 

'  Discharge. 

heSu. 

DL^*harge. 

F^et. 

Secfmd-feet. 

Fret. 

Secimd-/eet.\\ 

Feet. 

,  Second-ftet. 

FM. 

Seeond-firt. 

2.90 

i               95    ! 

4.60 

1.984     1 
;         2,150    ' 

6.80 

1          6,275 

1        9.00 

12,600 

3.00 

130 

4.70 

6.40 

5,495 

9.20 

18.240 

3.10 

1              1«0 

4.80 

2.320     1 

6.50 

5,715 

9.40 

13,900 

3.20 

240    , 

4.90 

2,494 

6.60 

5.940 

9.60 

14,66C 

3.:W 

310 

5.00 

2,672     ! 

6.70 

6, 165 

9.80 

15,230    • 

3.40 

390 

5. 10 

2,854 

6.  SO 

6.395 

10.00 

15,910 

3.50 

480 

5. 20 

3,040    1 

6.90 

6.630 

10.20 

16,600    1 

3.60 

580 

5.30 

3, '230 

7.00 

6.865 

10.40 

17,300 

3.70 

690 

5.40 

3,423 

7.20 

7.345 

10.60 

18,000 

3..S0 

810 

5.  .50 

3.619 

7.40 

7,840 

10.80 

18,700 

3.90 

940 

5.  m 

3.818 

7.60 

8.360 

11.00 

19.400 

4.00 

1.075 

5.  70 

4,019 

7.80 

8.910 

11.50 

21,200 

4.10 

1,215 

5.80 

4. '222 

8.00 

9, 500 

12.00 

23.000 

4.20 

l.:i<U) 

5.  90 

4.427 

8.  20 

10,100 

12.50 

24,850 

4.30 

'           l.olO 

6.00 

4,(Ki5 

8.40 

10.710 

13.00 

26,700 

4.40 

\.ikvi 

6.  10 

4,815 

8.  tki 

11,330 

1       13.50 

28,600 

4.')(» 

1 .  .'^22 

6.  2;» 

5, 000 

8.80 

11.9<'.0 

NuTK.— Tho  alx>v«'  Uiblo  is  apulic  ablr  only  for  opniMlumiu'l  ccmditions.  It  is  based  on  fifteen  di- 
ehnrKc  mettMirfUUMils  nuuh*  <luring  11K)3-1905.  It  i«  well  •IcMuimI  ihroughoul.  and  is  Ihesame  ii>  ihv 
190J  curve  abovo  6  feet.  Tlie  1903-4  nitluK  table  as  published  was  very  much  in  error  below  3.4  fet". 
The  above  table  is  eonsidered  l<»  give  rea-sonably  elose  results  for  low-water  stages. 
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Estimated  monthly  discbarge  of  Aroostook  River  at  Fort  Fairfieldy  }fe. ,  for  1905. 
[Drainage  area,  2.230  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maximum. 


June 

July 

August 

September. . . 

October 

November  n  . 


4,324 
1,587 
480 
240 
210 
875 


Minimum.      Mean. 


Run-off 


Second-feet 

persauare 

mile. 


1,360 
435 
130 
130 
130 
180  I 


2,644 
785 
291 
184 
162 


1.18 
.362 
.130 
.083 
.073 
.175 


Depth  in 
inches. 


1.32 
.406 
.150 
.098 
.084 
.195 


a  Estimates  November  21-30  only  approximate  owing  to  ice  above  and  below  the  gage. 

ST.  CROIX  RIVER  DRAINAGE  BASIN. 
IIESCRIPTIOX  OF  BASIN. 

St.  Croix  River  is  formed  by  two  branches;  one,  known  as  the  upper  St.  Croix  or 
Chiputneticook  River,  is  the  outlet  of  Schoodic  Lakes,  the  other,  Kennebasis  River, 
is  the  outlet  of  the  western  lakes  of  the  area,  known  as  Kennebasis  Lakes.  The 
upper  St.  Croix,  with  its  tributary  lakes,  forms  nearly  half  of  the  eastern  boundary 
of  Maine,  separating  that  State  from  New  Brunswick.  The  total  drainage  area  of  the 
main  stream  is  about  1,630  square  miles,  of  which  920  square  miles  are  tributary  to 
the  great  reservoir  systems  controlled  by  dams  at  Vanceboro  and  Princeton.  The 
length  of  the  stream  from  the  headwaters  to  the  mouth  is  100  miles.  The  basin  is, 
in  general,  lower  than  that  of  any  of  the  larger  streams  of  the  State  flowing  into  the 
Atlantic,  its  headwaters  having  an  elevation  of  about  540  feet.  The  fall  from  Chiput- 
neticook (the  lower  of  the  Schoodic  Lakes)  to  tide  water,  a  distance  of  54  miles,  is, 
however,  382  feet,  or  7  feet  to  the  mile.  At  a  number  of  places,  where  falls  and 
rapids  occur,  water  power  has  been  or  can  easily  be  developed. 

The  lake  surface  of  the  upper  St.  Croix  is  approximately  50  square  miles  and  that 
of  West  Branch  70  square  miles  in  area,  taking  into  account  only  the  principal  lakes 
and  ponds.  Indeed,  above  Vanceboro  and  Princeton,  each  bi*anch  of  the  river  is 
simply  a  succession  of  lakes  to  almost  the  extreme  headwaters.  Wells  estimated  the 
total  lake  surface  of  the  St.  Croix  as  not  less  than  150  square  miles,  or  nearly  one- 
tenth  of  the  total  basin.  The  drainage  area  at  various  points  on  the  river  is  given  in 
the  following  table: 

Drainage  area  of  St.  Croix  River. 
Main  river:  *  Square  miles. 

Vanceboro  dam,  foot  of  the  Schoodic  Lakes 420 

Little  Fal  1b • 500 

Immediately  above  mouth  of  West  Branch 690 

Immediately  below  mouth  of  West  Branch 1, 360 

Spragues  Falls • 1,390 

At  gaging  station  below  Spragues  Falls 1, 420 

Calais,  lower  dam 1, 530 

Mouth  of  river,  eastern  border  of  town  of  Calais 1, 630 

West  Branch: 

Princeton  dam 500 

Confluence  with  main  river 670 

A  large  proportion  of  the  drainage  basin  is  still  covered  with  timber,  and  above 
Vanceboro  and  Princeton  the  region  is  for  the  most  part  wild  and  inaccessible.  The 
greater  part  of  the  timber  land  in  this  region  is  controlled  by  sawmill  owners  at 
Calais  and  St.  Stephen.  In  1898  the  amount  of  luml)er  sawed  annually  had  decreased 
from  about  100  million  feet  to  25  million  feet,  and  since  then  the  number  of  saw- 
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mills  has  been  greatly  reduced.  In  1901  the  lumber  sawed  amounted  to  28  million 
feet,  showing  that  the  rate  of  cutting  has  remained  nearly  constant  during  the  last 
few  years.  There  are  on  this  stream  favorable  locations  for  paper  and  pulp  mills, 
and  during  the  present  season  the  St.  Croix  Paper  Company  is  developing  the 
Spragues  Falls  privilege,  where  a  6,000-horsepower  installation  of  wheels  is  being 
made  to  utilize  a  head  of  from  40  to  44  feet 


ST.   CROIX  RIVER  AT  SPRAGUES  FAXLS,  NEAR  BARING,  ME. 

This  station  was  established  December  4,  1902,  by  F.  K  Pressey,  and  has  been 
located  until  the  present  season  a  short  distance  above  Spragues  Falls,  near  Baling. 
A  chain  gage  was  attached  to  the  lower  guard  timber  of  the  Washin^^rton  Oounty 
Railway  bridge.  Measurements  of  flow  were  made  from  a  car  suspended  tram  t 
cable  about  one-half  mile  above  the  bridge. 

June  8, 1905^  this  gaging  station  was  moved  about  1}  miles  downstream  on  account 
of  the  building  of  a  paper  mill  and  dam  at  Spragues  Falls,  which  will  cause  back- 
water effect  for  several  miles.  The  drainage  area  at  the  new  location  is  1,420  square 
miles. 

The  channel  is  straight  for  1,000  feet  above  and  500  feet  below  the  cable,  said  hte 
an  unbroken  width  of  about  290  feet  at  ordinary  stages.  The  bed  of  the  stream  is  of 
gravel  and  rocks.  The  right  bank  is  high  and  steep;  the  left  bank  is  of  medium 
height  and  may  overflow  at  very  high  water.  The  current  is  strong  at  high  stages 
and  well  sustained  at  low  water.  The  nearest  dam  downstream  is  at  Baring,  a  dis- 
tance of  about  4  miles. 

Discharge  measurements  are  made  by  means  of  a  cable  and  car. 

A  vertical  staff  gage  5^  feet  long  is  attached  to  a  large  bowlder  on  the  left  bank 
about  1  mile  below  the  new  dam  at  Spragues  Falls  and  about  400  feet  upstream  from 
the  cable.  A  standard  chain  gage  has  also  been  attached  to  an  oak  tree  on  the  left 
bank  about  300  feet  above  the  staff  gage  for  use  during  high  water.  The  length  of 
the  chain  is  11.20  feet.  Gage  heights  are  observed  once  each  day  by  Simeon  Phin- 
ney,  of  Baring.  These  gages  are  referred  to  bench  marks  as  follows:  (1)  Copper 
bolt  in  bowlder  to  which  staff  gage  is  attached;  elevation,  14.32  feet  (2)  Nail  driven 
horizontally  into  the  north  side  of  oak  tree  to  which  the  chain  gage  is  attached, 
about  1  foot  above  the  ground;  elevation,  17.30  feet.  (3)  Nail  in  branch  of  above- 
mentioned  oak  tree;  elevation,  23.82  feet.     All  elevations  refer  to  gage  datiim. 

Information  in  regard  to  this  station  is  contained  in  the  following  Wat|Br-8upply 
Papers  of  the  United  States  Geological  Survey: 

Description:  82,  p  14;  97,  p  20;  124,  pp  27-28. 

Discharge:  97,  p  20;  124,  p  28. 

Discharge,  daily:  97,  p  22. 

Discharge,  monthly:  97,  p  23;  124,  p  30. 

Gage  heights:  82,  p  14:  97,  p  21;  124,  p  29.  • 

Rating  table:  97,  p  21;  124,  p  30. 

Dhcharge  mewmremetUs  of  St.  CraiA-  River  at  Spragues  FaUSy  near  Baring ,  Me.,  in  1905. 


Date. 


Hydn>grapher. 


April  11 1  F.  E.  Pressey 


June  14 do. 

September  6  . . . ! do. 

September  7 ...  I do. 

October  5 '' do. 

November  20  6. 1 do. 


Area  of 

Mean 

heig1ht.a 

Db- 

section. 

velocity. 

charge. 

?ei. 

Sq./Cd. 

Ft.per.sec. 

f^Tt, 

Ste.Jtd. 

218 

1,140 

5.64 

9.64 

6.4» 

295 

1,090 

2.17 

7.73 

2.CT 

292 

790 

1.48 

6.74 

1,17B 

292 

790 

1.44 

6.75 

i.w» 

283 

660 

.97 

6.23 

Ml 

288 

785 

1.27 

6.69 

« 

a  Old  gage  used  for  measurement  of  April  11  and  new  gage  used  thereafter. 
&  Anchor  ice  probably  affects  results. 
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lily  gage  height^  in/eety  of  St.  Croix  River  at  Spragues  Falls j  near  Baring ,  Me.,  for  1906, 


Day. 


Jan.      Feb.     Mar.  '   Apr. 


6.8  , 


6.9 

6.9; 

6.8 


7.9 
7.9 
7.9 
7.9 


7.9  I 

7.9  j 

8.0  ! 
8.0  I 


7.5 
7.5 
7.6 
7.5 
7.5 


7.9 
7.9 
7.9  I 
7.9 
7.9 
7.9  I 


8.0 
7.9 
7.9 
7.9 
7.9 
7.9 


7.5  I 

7.5  j 
7.5  I 

7.5  ;. 

7.6  ' 
7.6  I 


7.9  1 
7.9  I 
7.9 
7.9 
7.9  I 


7.9 
7.9 
7.9 
7.9 
7.9 
7.9 


7.6  ' 

7.6  I 

7.6 

7.6! 


7.9 
7.9 
7.9 
7.8 
7.8 
7.8 


7.8 
7.9 


7.9, 

7.9  ' 


7.8 
7.8 
7.8 
7.8 
7.7 
7.7 


8.0 
8.0 
8.0 
8.2 
8.9 


9.3 
9.2 
8.9 
8.9 
9.1 
9.3 


May.  1  June. 


8.2 
8.2 
8.2 
8.2 


7.2 
7.2 
7.2 


9.7 
9.7 
9.7 
9.6 
9.7 
9.7 
9.7 
9.6 
9.3 
8.7 

8.7  I 

8.8  I 
8.9 

'9.'4'| 

9.1  ! 

8.6  I 
8.3  , 
8.1  I 
8.1  I 


7.8 
7.8 
8.4 
8.5 
8.6 


7.2 


July. 


8.4! 


9.0 
9.0 

7.8 
9.0 
8.0 
8.0 

7.8 

7.8 

7.7 

7.6 

7.4 

7.4  i 

7.4  1 
I 

7.2  ! 

7.2; 
7.2    . 


7.2  I 

7.2  I 
7.2  ' 
7.1 

I 

7.5  > 

7.7  I 

7.6  I 
7.6  ' 
7.6  ■ 

7.6! 


8.4 
8.5 
8.6 
8.6 
8.6 
8.6 


8.6 
8.6 
8.6 
8.6 


8.8  ' 
9.0  I 

9.0  '. 

8.9  |. 
8.8  i 
8.7  I 

8.5  . 

8.5  I 
8.5  : 
8.4  1. 
8.3  I 

8.1  I 

8.0  ' 
8.0  I 

8.0  I 

8.1  L 

8.1  I 

":\\ 

8.1 ! 
8.11 
8.2 1 
8.1! 
8.1  i 
8.1 


I 


8.0  I 


Aug. 

Sept. 

Oct. 

Nov. 

Dec 

7.8 

6.7 

6.0 

6.2 

7.5 

6.6 

6.3 

6.0 

6.2 

7.4 

6.3 

6.0 

7.4 

6.7 

6.3 

6.0 

8.4 

6.7 

6.3 

8.4 

6.7 

6.8 

6.2 

.8.4 

7.8 

6.7 

6.3 

6.2 

8.4 

7.2 

6.7 

6.2 

8.0 

7.2 

6.7 

6.2 

6.3 

8.0 

7.1 

6.1 

6.3 

7.1 

6.7 

6.1 

6.3 



7.1 

6.7 

6.1 

6.7 

6.1 

6.3 

t..... 

7.0 

6.8 

6.1 

6.3 

9.2 

7.0 

6.8 

6.2 

9.2 

7.0 

6.7 

6.0 

6.2 

9.2 

7.0 

6.0 

6.6 

7.0 

6.6 

6.0 

6.7 

7.0 

6.6 

6.0 

6.6 

6.0 

6.9 

6.7 

6.9 

6.6 

6.0 

6.9 

6.7 

6.8 

6.6 

6.9 

7.3 

6.8 

6.6 

6.0 

6.5 

6.8 



6.0 

6.5 

6.8 

6.5 

6.0 

6.5 

6.8 

64 

6.0 

6.4 

6.0 

6.4 



6.7 

6.8 

6.0 

6.3 

7.8 

6.7 

6.3 

6.2 

7.3 

6.7 

6.3 

6.0 

6.2 

7.3 

6.7 

6.0 



SoTK.— Gage  heights  from  Januarv  1  to  June  30  are  for  old  gage  at  railroad  bridge  and  are  used 
th  rating  table  for  that  pohit.  After  July  1  gage  heights  ere  for  gage  in  new  position,  for  which  a 
ting  tabl&is  not  yet  prepared. 

River  frozen  January  1  to  March  31  and  December  14-31.  During  frozen  season  gage  helghto  are 
the  surface  of  the  water  In  a  hole  cut  in  the  ice.  The  following  meajsurements  of  thickness  of  ice 
?re  made:    December  14-16,  0.3  foot;  December  20-22,  0.6  foot;  December  28-30, 1.3  feet. 

aiion  rating  table  for  St.  Croix  River  at  Spragaes  Falls,  near  Baring,  Me.,  fromDecem- 
her  4f  1902,  to  June  SO,  1905, 


height. 

1 
Discharge. 

height. 

1 
Discharge. 

hel^t. 

Discharge.  > 

Gage 
height. 

1 

,  Discharge. 

Feet. 

i  Second-feet. 

Pert. 

Second-fed. 

Feet. 

Second-fret. 

Feet. 

1  Second-feet. 

6.00 

1             655    ' 

7.00 

1,226    ' 

8.00 

2,380 
2.510 

9.00 

i         4,090 

6.10 

.     585 

7.10 

1,330    1 

8.10 

9.10 

1         4.340 

6.20 

620    1 

7.20 

1,440 

8.20 

2,640 

9.20 

'         4,60) 

6.30 

660 

7.30 

1,550    • 

8.30 

2.775 

9.30 

1          4,880 

6.40 

710 

7.40 

1.660    1 

8.40 

2,920 

9.40 

1         5,160 

6.60 

i             ™    1 

7.60 

1,775    I 

8.50 

3,075    ' 

9.50 

5,460    , 

6.60 

1             840 

7.60 

1,890    ' 

8.60 

3,245    i 

9.60 

'         5,750 

6.70 

926 

7.70 

2.010    1 

8.70 

3.430 

9.70 

1         6,055    ' 

6.80 

1,020 

7.80 

2,130 

8.80 

3,635 

6.90 

1,120 

7.90 

2,255    ' 

1 

8.90 

3.856    1 

;              1 

.1 

I^OTE.— The  above  table  is  applicable  only  for  open  channel  conditions.    It  is  based  on  1908  and 
H  discharge  measurements.    It  is  fairly  well  defined  between  gage  heights  6  feet  and  7.6  i 
K)ve  gage  height  7,5  leet  It  is  unreliable. 
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Estimated  monthly  discharge  of  *St.  Croix  River  at  Spraguejf  FcUlHy  near  Baring,  Me.^fm 

1905.^ 

[Drainage  area,  1,390  square  miles.] 


DiMcharge  in  He(K)nd-feet. 


Run-off. 


Month. 


I  Maximum.  Minimum 


April 6,055 

May 4.090 

June..- 3,245 


Second-feet ,  r^^.u .« 


3.26  j  3.bl 

1.79  iOb 

1.63  1.K2 


a  Discharge  interpolated  on  days  when  the  gage  wa.s  not  read. 


MACHIAS  RIVER  DRAINAGE  BASIN. 


DESCRIPTION  OF  BASIN. 

The  Machias  may  be  taken  as  fairly  representative  of  several  of  the  smaller  streaus 
of  Maine  which  empty  their  waters  directly  into  the  ocean  and  which  are  conunonly 
referred  to  as  "coastal  rivers."  Its  total  drainage  basin  is  495  square  miles,  nearly 
all  of  which  lies  in  Washington  County,  Me.  Its  extreme  headwaters  Heat  an  eleva- 
tion of  nearly  500  feet,  and  are  not  more  than  50  miles  from  tide  water.  Wells  listed 
20  lakes  in  this  basin,  aggregating  29.5  square  miles  in  area  of  water  Rurface.  With- 
out important  exception  these  lie,  however,  in  the  extreme  headwaters.  Dams  are 
maintained  at  several  of  the  outlets  of  the  lakes,  and  the  stored  water  is  used  for 
log  driving. 

The  underlying  rock  is  usually  granite.  Probably  70  to  80  per  cent  of  the  basin 
is  still  in  forest. 

MACnivV8  RIVER  NEAR  AVIIITNEYVII.LE,  ME. 

This  gaging  station  was  established  October  17,  1908,  bv  F.  E.  Pressey,  at  the 
bridge  of  the  Washington  County  Railway,  near  Whitneyville.  The  drainage  are* 
at  this  point  is  465  square  miles. 

A  short  distance  above  the  station  is  a  dam  which  stores  water  for  use  l>y  the  mills 
in  Machias.  The  gates  in  this  dam  are  oi>enc(l  and  closed  each  day  during  low 
stages  of  the  river.  As  a  result  the  river  fluctuate^s  a.s  much  as  0.5  foot  on  the  gage- 
Backwater  effect  occurs  during  a  considerable  portion  of  the  time,  owing  to  th^ 
influence  of  the  dam  at  Machias,  about  4  miles  below,  or  to  the  accumulation  of  l<»gs, 
and  the  gage  heights  are  consequently  unreliable.  The  water  is  confined  to  one  chan- 
nel at  all  stages;  the  width  is  about  1)^  feet.     The  bed  is  sandy,  but  permanent. 

Discharge  measurements  are  made  from  the  downstream  side  of  the  bridge.  The 
initial  point  for  soundings  is  on  the  left  bank  at  the  lower  end  of  the  inclined  end 
post  of  the  downstream  truss.  Lt)w-water  measurements  may  ])e  made  by  wadinf? 
at  a  point  200  feet  alx)ve  the  bridge  at  low  stages  of  the  river. 

A  standard  chain  gage,  which  is  re^<l  twice  each  day  by  George  McKenzie,  is 
attached  to  the  guard  timber  on  the  downstream  side  of  the  bridge.  The  length  of 
the  chain  is  25.34  feet.  The  gage  is  referred  to  Ixjnch  marks  as  follows:  (1)  Copi>er 
bolt  in  outcropping  ledge  on  u|>stream  side  of  railroad  track,  170  feet  from  the  face 
of  the  left  abutment;  elevation,  20.12  feet.  (2)  Downstream  outer  corner  of  bridge 
seat  of  right  almtiiicnt;  elevation,  1S.05  feet.  (3)  Marked  point  on  floor  beam  of 
bridge  at  zero  end  of  gage;  elevation,  23.89  feet.  Elevations  refer  to  datum  of  the 
gage. 
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Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply 
Papers  of  the  United  States  Geological  Survey: 

Decicription:  97,  p  24:  124,  p  31. 
Discharge:  97,  p  24;  124,  p  32, 
Diflcbarge,  monthly:  124,  p  83. 
Gage  heights:  97,  p  24;  124,  p  32. 
Rating  table:  124,  p  33. 

Discharge  jneasurements  of  Machias  River  near  WhUneyville,  Me. ,  in  1905. 


Date. 


May  13 

June  15a 

September  8 . . 

October  3 

November  21 . 


Hydrographer. 


Barrows  and  Pressey. 

F.  E.  Pressey •.... 

do 

do 

do 


Width. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Feet. 

Sq.ft. 

Fl.  per  sec. 

Feet. 

124 

715 

1.39 

7.49 

125 

1,000 

1.34 

9.57 

125 

770 

1.30 

7.88 

124 

560 

.38 

6.18 

124 

585 

.74 

6.47 

Dis- 
charge. 


Second- 
feet. 

992 

1,340 

1,000 

210 

430 


a  River  filled  with  logs  below  station. 
Daily  gage  height,  infeet,  of  Machias  River j  near  Whitneyvilk,  Me.,  for  1905. 


Day. 


I 
Jan.     Feb. 


7.. 

8.. 

9.. 
10.. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


6.2 


6.5 

6.8 

8.2 

8.7 

8.5 

8.2 

8.1 

8.0 

8.0' 

7.9  i 

7.8 


7.6 


7.2 


7.2 


7.0 


7.3 


7.1 


7.2 


Mar.  ■  Apr.     May.    June.    July.     Aug.     Sept 


7.1 


7.1 


6.8 


7.2 
7.4  ! 
7.6 
7.5 
7.4 
7.5 
7.6 
8.3 
9.2 
9.9 
10.4  I 
11.0 
12.5 


13.2 

12.6 

11.4 

10.6 

9.9 

10.2 

11.8 

12.5 

11.8 

11.2 

10.9 

11.0 

11.1 

11.1 

11.2 

11.3 

10.8 

9.4 

9.0 

8.6 

8.5 

9.0 

9.6 

9.5 

9.3 

9.2 

9.2 

9.0 

8.4 

8.7 


I 


8.8 
8.6 
8.2 
8.1 
8.1 
7.7 
7.6 
7.7 
7.7 
8.0 
8.0 
7.6 
7.5 
7.8 
7.6 
7.8 
8.7 
9.4 
9.2 
8.9 
8.4 
7.8 
7.4 
7.1 
6.8 
6  6 
6.6 
6.4 
6.4 
6.4 
7.2 


8.4 
8.6 
8.9 
9.3 
9.2 
9.2 
9.8 
9.8 
9.8 
9.8 
9.5 
9.6 
10.0 


9.3 
9.0 

8.8 

8.5 

8.4 

8.6 

8.3 

8.1 

7.9 

7.6 

7.5  j 

7.7  I 

8.1 

8.0 

7.8 


7.5 

7.5  ' 

8.2 

9.2 

8.8 

8.1 

7.7 

7.6 

7.4 

7.2 

7.2 

7.3 

7.2 

7.0 

6.8 

7.0 

7.8 

7.8 

6.8 

6.8 

6.7 

6.6 

6.7 

6.7 

6.7 

6.5 

6.4 

6.5  ; 

6.4  1 

6.6  ' 
6.7 


7.0 
7.2 
6.9 
6.7 
6.4 
6.5 
6.  i 
6.1 
6.2 
5.8 
6.1 
6.0 
6.3 
6.2 
6.1 
5.9 
6.0 
6.0 
6.0 
5.9 
6.4 
6.3 
6.2 
6.1 
5.9 
h.S 
5.4 
5.7 
6.7 
5.9 
5.8 


5.2 

5.4 

5.9 

6.6 

6.8 

7.3 

8.3 

7.8 

7.4 

7.0 

6.8 

6.4 

6.6  ' 

7.2 

7.4 

7.0  ! 

7.0 

6.7 

6.6 

6.8 

6.8 

6.6 

6.5 

6.6 

6.6 

6.6 

6.6 

6.4 

6.0 

6.1 


Oct. 

6.3 
5.8 
5.9 
5.9 
5.7 
5.5 
5.4 
5.6 
5.6 
5.5 
5.5 
5.7 
6.6 
5.6 
6.1 
5.9 
6.0 
5.8 
5.6 
6.9 
6.6 
6.3 
6.1 
5.8 
.5.8 
6.7 
5.8 
5.8 
6.5 
5.4 
5.4 


Nov.     Dec 


6.0 
6.5 
7.0 
6.9 
7.0 
7.0 
7.3 
7.7 
7.6 
7.4 
7.2 
6.6 
6.6 
6.7 
6.8 
6.6 
7.6 
7.6 
7.3 
6.9 
6.7 
6.4 
6.6 
6.8 
6.' 
6.' 
6.6 
6.4 
5.2 
6.2 


6.3 
6.1 
7.4 
9.6 
10.1 
7.8 
7.1 
6.3 
5.6 
6.1 
6.3 
6.1 
6.1 
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Daily  gage  heighiy  in  feet,  of  Max^hias  River ,  near  ]VhUneyrilUy  Me.,  for  1905 — Coot'd. 

Note.— River  frozen  January  l  to  March  31  and  December  14-Sl.  During  fiosen  period  fge  beiftkk 
were  read  to  the  tmrface  of  the  water  in  a  hole  cut  in  the  ice.  The  following  comparaUTe  readofi 
were  taken: 


Date. 


I    Water 
I  surface. 


Top  of 
ice. 


Thick 
n«s<ii 


January  1 

January  16... 
January  20... 
January  23. . . 
January  30. . . 
February  3 . . 
February  10 . 
February  17 . 
February  25 . 

March  2 

March  10 ... . 
March  16 ... . 
March  23.... 
March  31  .... 


Feet. 
6.2 
7.8 
7.6 
7.2 
7.2 
7.2 
7.0 
7.3 
7.1 
7.1 
7.1 
6.8 
7.4 


I 


FeeL 
6.S 
8.2 
8.0 
7.4 
7.4 
7.4 
7.15 
7.5 
7.3 
7.8 
7.2 
7.0 
7.4 
River  clear 


I 


/wr. 

1.2 

J   4 

1.4 
L4 

!» 
lU 
1.9 
L9 
U 
.i 

LI) 

L» 

of  ice. 


April  1-17,  jam  of  logs  in  river.    April  18,  log  jam  broken;  gage  height  fell  1.3  feet  in  three 

PENOBSCOT   RIVER  DRAINAGE  BASIN. 
DESCRIPTION  OF  BASIN. 

The  Penobscot  basin,  which  has  a  total  area  of  al>out  8,500  scjuare  miles,  lies  wboUr 
in  Maine.  It  extends  from  the  Atlantic  Ocean  on  the  south  to  the  basin  of  the  St 
John  on  the  north,  a  distance  of  160  miles,  and  from  the  New  Brunswick  boundan 
on  the  east  to  the  (Quebec  boundary  on  the  west,  a  distance  of  115  miles.  The  g»- 
era]  elevation  of  the  basin  is  low  er  than  that  of  the  drainage  basins  to  the  west.  Tht 
headwaters  of  the  main  river  lie  in  the  mountainous  rej?ion  on  the  boundarr  oc 
C^uebec,  at  an  elevation  of  nearly  2,000  feet.  The  slope**  of  the  upper  tributaries  are 
generally  steep.  Chesuncook  Lake  lies  near  the  center  of  the  l>asin  at  an  elevatioo 
of  930  feet.  From  this  point  to  tide  water  the  distance  along  the  river  is  about  1!1 
milQS,  indicating  an  average  slope  of  7.7  feet  to  the  mile.  This  is  c*onc^ntrate«i  u 
intervals  by  ledges  where  water  power  has  been  or  may  \)e  developed.  The  wattf 
from  alnnit  800  s(juare  miles  of  the  basin  is  discharged  into  the  main  river  l^elowils 
lowest  available  water  power  at  Bangor. 

Taken  as  a  whole,  the  basin  is  rather  uniform  in  its  toi)Ographic  features.  Hill^ 
and  low  mountains  stretch  from  near  the  sea  to  above  Bangor;  farther  north  is  an 
undulating  plain,  while  to  the  west  the  surface  becomes  more  broken  and  is  greatly 
diversified  by  hills,  detached  i)eaks,  lakes,  ponds,  and  swamps.  At  the  south  the 
basin  merges  into  that  of  the  Kennel)ec,  and  at  the  north  into  that  of  the  AUegussh. 
terminating  on  the  northwest,  at  the  boundaries  of  the  State,  in  a  region  of  highland 
intermingled  with  swamps  and  lagoons.  The  whole  northern  basin  of  the  main  river 
an<l  its  tributaries  is  in  forest.  Original  growth  covers  a  large  portion  of  this  area, 
and  in  general,  wherever  cuttings  have  been  made,  a  dense  second  growth  has  spron; 
up.  Extensive  area^  in  the  southern  basin  have  l>een  cleared  and  converted  'mi> 
farms.  Probably  70  to  80  per  cent  of  the  whole  basin  above  Bangor  is  in  forest 
Throughout  the  upper  jx>rtion  of  the  ba.Min  slate  is  the  principal  outcropping  rock. 
being  succeeded  to  the  east  and  south  by  schists,  gneiss,  and  granite.  The  eoilii 
mainly  clay,  gravel,  and  loam. 

Surveys  have  been  made  in  the  Penobscot  River  drainage  basin  by  the  United 
States  Geological  Survey  as  follows:   In  1904,  plan  and  profile  of  Penobscot  RiTff 
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between  tide  water  and  Twin  Lake  at  Norcross;  in  1905,  plan  and  profile  of  West 
Branch  of  Penobscot  River  from  Chesuncook  Lake  to  Seboomook. 

The  drainage  are^  of  the  river  and  its  chief  tributaries  are  given  in  the  following 
table: 

Ihrainage  areas  of  Penobscot  River  and  princijHil  tributaries. 


River.  Locality.  Area. 


I  Sq   miles. 

Penobscot Opposite  northwest  extremity  of  Moosetaead  Lake,  town-  ,  510 

!      ship  of  Seboomook,  immeaiately  below  mouth  of  Nul-  \ 
hediLM  Creek.  j 

Do ' —  I  Entrance  into  Chesuncook  Lake 850 

Do Outlet  of  Chesuncook  Lake 1 ,  -150 

Do Millinocket,  outlet  of  Twin  Lakes 1. 880 

Do Immediately  below  mouth  of  East  Branch  of  Penolj«cot ". . '  3, 260 

Do Immediately  below  mouth  of  Mattawamkeag  « 1, 940 

Do West  Enfield,  at  gaging  sttition  immediately  below  mouth  6, 630 

j      of  Pisctataquis  a 

Do Sunk  Haze  Rips  a •  7, 260 

Do I  Old  Town,  above  mouth  of  Pushaw  Rivera 7,310 

Do Bangor,  above  mouth  of  Kenduskeag  River  « 7, 720 

Do Mouth  a 8, 550 

Cauquomogomoc Entrance  into  Chesuncook  Lake 230 

EajJt  Branch  of  Penobscot. . .   Grindstone  at  gaging  station  «  1. 130 

Do j  Mouthn 1,160 

Mattawamkeag j  Immediately  below  outlet  of  Baskahegan  Lake '  190 

Do At  gaging  station  near  mouth I  1, 510 

Low's  bridge 280 

Dover 330 

Mouth 1,500 

..do 400 

Cold  Stream j do 37 

Do I  At  gaging  station  near  Enfield  postH>ftice 26 

Phillips  Lakf  outlets: 

Northern  outlet Junction  with  Phillips  Lake 11.5 

Do East  Holden,  at  gaging  stati(m 12. 3 

Phillips  Lake ' M.4 


Piscataquis 

Do 

Do 

PaMuidumkeag  . 


'I  Includes  Chamberlain  Lake  basin  (270  sfjuare  miles).    See  description  of  St.  John  River  drainage 
bnsin. 
b  Area  of  water  surface. 

PENOBSCOT  RIVER  AT  MILLINOCKET,  ME. 

The  discharge  of  Penobscot  River  at  Millinocket  has  been  computed  and  the  data 
furnished  by  H.  S.  Ferguson,  engineer  for  the  Great  Northern  Paper  Company. 
These  results  were  obtained  by  considering  the  fiow  through  the  wheels,  the  flow 
over  the  dam,  and  such  quantities  of  water  as  are  used  from  time  to  time  by  the  log 
sluice,  filters,  etc.  The  wheels  were  rated  at  Holyoke,  Mass.,  before  being  placed  in 
position.  As  the  head  under  which  they  work,  averaging  about  110  feet,  is  much 
greater  than  the  head  under  which  they  were  tested,  numerous  tube-float  measure- 
ments of  flow  in  the  canal  leading  to  the  mill  have  been  made  by  Mr.  Ferguson,  in 
order  to  determine  just  how  much  water  the  mill  used  under  different  conditions  of 
gate  openings.  In  addition  to  this,  during  1904  a  series  of  current-meter  measure- 
ments were  made  by  the  United  States  Geological  Survey,  to  check  results  as  obtained 
by  the  floats  and  to  obtain  a  suitable  coeflScient  for  use  with  the  float  measure- 
ments. It  is  believed  that  by  means  of  these  various  checks  on  the  measurements 
IKR  ia5— 06 3 
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a  very  good  estimate  has  been  made  for  the  flow  through  the  wheels.  The  dtm, 
known  as  Quakish  I^ke  dam,  is  of  concrete,  resting  on  rock,  and  does  not  leik. 
The  fiow  over  it  was  computed  by  use  of  the  formula  Q=c6  h^,  in  which  cSsi 
variable  coefficient  obtained  (1)  from  the  results  of  weir  measurements  made  by  Mr. 
Ferguson  on  a  10-foot  portion  of  the  dam,  and  (2)  from  a  study  of  the  resohe  d 
experiments  made  by  George  W.  Rafter  at  the  Cornell  testing  flume. 

When  the  flow  of  the  river  is  less  than  2,500  second-feet  all  of  the  water  is  gener- 
ally used  through  the  mill;  at  higher  stages  the  excess  is  wasted  over  the  dam. 
The  flow  over  the  fiashboards,  which  are  used  whenever  ]K>flsible,  is  computed  1*t 
use  of  the  fommla  Q=3.33  6 /i^  Several  dams  which  have  been  constructed  it 
points  in  the  basin  above  this  mill  store  water  on  a  surface  of  practically  80  sqmie 
miles.  This  water  is  used  for  log  driving  and  for  manufacturing  purposes.  Quakisli 
Lake  dam  is  at  an  elevation  of  456.3  feet  above  mean  sea  level,  as  determined  by  the 
Penobscot  River  survey  of  1904. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water^ppir 
Papers  of  the  United  States  Geological  SurN'ey: 

DescriptUm:  82,  p  19;  97,  pp  26-27;  124,  p  36. 
Discharge,  dally:  82,  pp  19-20;  97,  p  27;  124,  p  87. 
Discharge,  monthly:  82,  p  21. 

Daiiij  discharge t  in  second-feet^  of  Penobscot  River  at  MiUinocket,  Me,,  for  1905. 


Day. 


Jan. 


1... 
2... 
3... 
4... 
5... 
6... 


8.... 

9.... 
10.... 
11.... 
12.... 
13.. 


-'  2, 
.12. 
'  2, 
2, 
2, 
2, 
2. 
2, 


14 

!o 

15 

IG 

1  2. 

1  2, 

17 

IS 

1  2, 

1  2, 

l'.> 

20 

2, 

21 

1  ., 

1., 

23 1  '1 

.._..!  •> 

2.")            '^ 

26 

., 

■'7 

') 

2M 

•» 

2y. . 

30.. 
31.. 


235 
396 
143 
126 
145 
161 
163 
186 
16o 
174 
595 
155 
llo 
140 
254 
318 
113 

ir»5 

165 
191 
169 
4r)3 
475 
169 
141 
137 
545 
066 
165 
425 
i:w 


Feb.   j  Mar.  ;  Apr.  I  May.  I  June.    July,  i  Aug. 


2, 122 
2, 132 
2, 137 
1,970 
2,365 
2,142 
2,  l.'iO 
2, 151 
2. 151 
2.  (HkJ 
2,524 
2, 4r>5 
2, 158 
2,169 
2,  ir.0 
2, 174 
2. 157 
2,032 
2, 232 
2, 143 
2,ir»3 
2, 169 
2,1(V4 
2, 192 
2.  H13 
2, 273 
2. 191 
2,  ItVt 


I 


2,577 
2,108 
2,119 
2, 181 
2,266 
2, 190 
2. 129 
2. 020 
1,965 
1.972 
1,  iW7 
l.SHii 
1 .  9<VS 
1,9«30 
1.198 
2,201 
2,039 
1,728 
1,12;') 
1,368 
1,266 
1,279 
1.264 
1.290 
1,787 
1,038 
l,3a5 
1.296 
1.308 
1,280 
1,299 


I  1,299 
I  1,018 
!  1,278 
I  1,287 
I  1.282 

1,(«5 
'  2, 106 
j  2.119 

2, 152 
I  2.i:i8 
i  2,426 
!  2.5-14 
j  2,545 
j  2,540 

2.  'y\'l 
I  2.62.5  j 

2,575  I 
1  2.52H  i 

2,;>16 

2.526  ; 

2,482 

2,376 

2,460 

2,530 

2,521 

2,516  , 

2,509 

2  527 

2,429 


2,501 
2,M8 
2,521 
2,519 
2,532 
2,536  i 

2. 329 
2,523 
2,529  I 
2,524  ' 
2,527  ' 
6,185 
6.658  I 
5,.(*»46 
7.187  I 
7,186 
7, 107 
7.()60 
H,  4l»2 
«,378 
M,841 
8,181  ' 
7,619  I 
7,800  I 
8,006 
9,078 
8,862  i 
9,435  ' 

9.330  ' 
9,171  I 
9,059  I 


8,906 
7,372 
2,553 
2,44S 
2,088 
2,109 
2.094 
2. 110 
2.  ia5 
2.093 
2, 4r»3 
2,416 
2,094 
2, 524 
2,111 
2.104 
2,0S5 
2, 367 
2. 092 
2,  OHM 
2,058 
2, 06<i 
2,07K 
2.477 
2,477 
2, 070 
3.570 
1.973 
2, 476 
2, 491 


I 


2,063 
3,922 
2,627 
2,300 
2,738 
2.677 
2,046 
2.044 
2,0M 
2,058 
3,599 
2,063 
2,066 
2,061 
2.061 
2,855 
2,322 
2, 045 
2,035 
2, 015 
2,058 
2. 04.S 
2,313 
2.WM 
2,aH4 
2.068 
2, 05;i 
2,a58 
2, 0.'>7 
3.  2Ki 
4.1H4 


4,712 
4,817 
4,971 
4.981 
4,607 
4,077 
4,294 
4. 766 
5,297 
4,393 
2,232 
2,028 
2,111 
2.234 
2,074 
2.358 
3,285 
3,159 
3,170 
2,596 
2,253 
2,051 
2.064 
2,048 
2.037 
2,a50 
2,042 
2, 180 
2.034 
2,036 
2.227 


Sept, 

2,395 
2,392 
2,300 
2,207 
2,200 
2,352  ' 
2.356  I 
2,381  , 
2.066  : 
2,063  I 
2,068 
2,075  I 
2,072  I 
2,068  I 
2,070 
2,072  ' 
1,944 
2,416  ' 
2.420  . 
2,090 
2,600 
2,488  \ 
2,495 
2,506  ! 
2,510 
2,608  j 
2,522 
2,620  I 
2,622  ' 


Oct. 


2,610 


I 


2,235 

2,610 

2,.'i06 

2,420 

1,998 

2.0S0 

2.088 

1,966 

2,081 

2,091 

2,095 

2,090 

2,098 

2,090 

1,970 

2,070 

1,661 

1,666 

1,663 

1.411 

716 

368 

430 

421 

422 

429 

430 

441 

355 

435 

438 


Nov.    Dec 


4» 
4S8 
4S7 
437 
348 
439 
437 
438 


456 
359 
470 
465 
455 
4fi2 
424 
450 
343 
470 
463 
464 
456 
443 
445 

424 
356 
448 

441 


a 
a 
sc 

& 

4?: 

» 

46 
Vfl 
4» 
«l^ 

49 
444 
» 

45 
IB 
& 
4& 
IS 
4C 
& 
US 
fiJ 
Ml 

01 
444 
411 
49 
414 


^ 
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Estimnted  monthhj  <iisrharffe  of  Penobscot  Hirer  at  MiU'morket,  Me.^  for  1906. 
[Drainage  urea,  1,880  miuare  niiU's.] 


Januar>'  •  -  • 
February . . 

March 

April 

May 

Jane 

July 

AUgUHt 

September. 

October 

Novemt)er . 
December . 


Di8<rharge  iu  wvond-feet. 


Run-off. 


Month. 


Maximum. 


The  year . 


2,595 
2,624 
2,577 
2,625 
9,435 
8,906 
4,184 
5,297 
2,522 
2,610 
470 
457 


9,435 


Minimum. 

2,066 

],970 

1.038 

1,018 

2,329 

1,973 

2,015 

2,028 

1,944 

356 

343 

140 

140 


Mean. 

Second -feet 

per  sauare 

mile. 

Depth  in 
inches. 

2,226 

1.18 

1.86 

2,181 

1.16 

1.21 

1,722 

.916 

1.06 

2,221 

1.18 

1.32 

6,047 

3.22 

3.71 

2,665 

1,42 

1.58 

2,395 

1.27 

1.46 

3,070 

1.68 

1.88 

2,303 

1.22 

1.36 

1,473 

.784 

.904 

432 

.230 

.257 

409 

.218 

.251 

2,262 

1.20 

16.85 

PKNOBSC^OT  RrV'EU  AT  AVE8T  ENFIELD,  ME. 

This  station  was  established  by  N.  C.  Grover,  November  5, 1901,  and  prior  to  1904 
was  designated  as  being  at  Montague,  Me.  In  1904  the  name  of  this  village  was 
changed  to  West  Enfield.  The  gaging  station  is  lotrated  at  the  steel  highway  bridge, 
about  1,000  feet  below  the  mouth  of  Piscataquis  River. 

The  channel  is  straight  for  1,000  feet  above  and  3,000  feet  below  the  station,  about 
870  feet  wide,  and  broken  by  four  piers.  The  banks  are  high  and  rocky,  and  the 
b^d  permanent  and  rocky,  with  some  gravel.  The  velocity  is  good  at  all  stages. 
Water  power  is  used  on  both  Penobscot  and  Piscataciuis  rivers  within  a  mile  above 
the  station.  Fluctuations  at  the  gage  of  0.2  or  0.8  foot  during  low  water  are  caused 
]>y  changes  in  gate  openings  at  the  mills  alx)ve. 

Discharge  measurements  are  made  from  the  bridge.  The  initial  point  for  sound- 
ings is  on  the  easterly  abutment,  at  the  extreme  end  of  the  inclined  post  on  the  down- 
stream side  of  the  bridge. 

A  standard  chain  gage,  which  is  read  twice  each  day  by  A.  H.  Hanson,  is  fastened 
to  the  steel  webbing  on  the  upstream  side  of  the  bridge.  The  length  of  the  chain 
was  34.49  feet  when  the  gage  was  established,  but  changed  to  34.44  feet  June  24, 
1905,  owing  to  settling. 

The  gage  is  referred  to  bench  marks  as  follows:  (1)  Top  of  northwest  comer  of 
first  course  below  bridge  seat,  easterly  abutment;  elevation,  25.78  feet.  (2)  Cop- 
per l>olt  in  outcropping  ledge  under  bridge,  near  east  abutment;  elevation,  6.71  feet 
(3)  Marked  point  on  bottom  chord  of  bridge,  under  the  gage;  elevation,  29.52  feet. 
All  elevations  are  above  gage  datum,  which  is  at  an  elevation  of  125.38  feet  above 
mean  sea  level,  as  determined  by  the  Penobscot  River  survey  of  1904. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply 
Papers  of  the  United  States  Geological  Survey: 

DeacripUon:  06.  p  15*.  82,  p  16;  97,  p  28;  124.  pp  37-38. 

DiBCharge:  65.  p  15;  82,  p  17;  97,  p  28;  124,  p  38. 

Diflchaige,  monthly:  82,  p  18;  97,  pp  31-32;  124.  p  40. 

Gftge  heights:  65,  p  15;  82,  p  17;  97.  pp  29-30;  124,  p  89. 

Bating  tablet:  82,  p  18;  97,  p  81;  124,  p  40.  '■ 
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Discharge  measurement n;  of  Penobscot  River  at  West  Enfieldy  Me.,  in  1905. 


Date. 


April  17  . 


..do. 

.do. 

.do. 

.do. 

.do. 

.do. 

.do. 

October  24 '.....do., 

October  25 ' do.. 


Mayl 

September  29 . 
September  30 . 

October  3 

October  ft 

October  18.... 
October  19.... 


Hydrogrrapher. 


University  of  Maine  Htudcnttt,  under 
direction  of  Prof.  H.  8.  Boardman. 


Width. 

Area  of 
section. 

Mean 
velocity. 

Gaj^ 

chaigc 

fVrt. 

-Sr/./f. 

Ft.])er9rc. 

^crf. 

See,:fL 

886 

8,200 

3.32 

9.00 

s.an 

869 

5,900 

2,69 

6.40 

\M» 

r»90 

2,730 

1.48 

2.70 

4.W 

690 

2,730 

1.48 

2.65 

KM 

675 

2,410 

1.64 

2.40 

3.W 

643 

2,850 

1.44 

2.12 

5.W 

620 

2,178 

1.27 

1.90 

2.TS 

620 

2,047 

1.39 

1.90 

2.-^ 

579 

1,728 

1.10 

1.30 

!,<« 

577 

1,670 

1.12 

1.25 

l,S» 

Daily  gage  height^  in  feet  ^  of  Penobscot  River  at  West  Enfield,  Me.,  for  1905. 


Day. 


Jan. 


5.35 


Feb. 


Mar. 


4.95       4.85 


8 

9 

10 

!  ■^•^■'' 

11 ' 

VI ' 

J3 

4.S,^) 

4.ft.'> 

11 

lo ' ' 

ir, 

17 

U.  (V) 



IS. 
19. 


20 

-1.75 

•n 

23 

n.  or) 

21 

h.  <;5 

2.') 

5.  55 

2<". 

5.  Cw> 

27 

5.  Tk^ 

5. 15 

2X 

■r, . 

:w) 

f....r, 

:n 

4. 28 

4.35 

4.5 

4.45 

4.6 

4.  75 

5.  :i5 
5.  75 
<).  :^5 
7.5 
8.H 

10.  (h5  ' 


Apr. 

12.1 
12.45 
11.85 
10.56 
10.05 
10.0 
10.7 
11.45 
10.8 
10.15 
9. 75 
9.S 
9.75 
9.45 
9. 25 
9.1 
8.9 
8.65 
8.0 
7.  (-.5 
7.G 
7.95 
8.1 


8.1 

7.a5 

7.85 

7.1 

7.f».j 

7.1 

7.3.5 

7.  as 

7.4 

C.9 

7.1 

6.7 

f..  85 

G.45 

May. 

6.65 

6.7 

6.6 

6.65 

6.6 

6.4 

6.2 

6.1 

6.3 

6.3 

6.2 

6.1 

6. 45 

6.2 

6. 05 

6. 35 

6.4 

6.8 

7.4 

8. 05 


35 

a5 
1 
1 
a5 

9 
7 

45 
6.1 


June. 


July.     Aug. 


6.15 

5.86 

5.45 

5.1 

4.9 

4.65 

4.9 

4.7 

4.:i5 

4.1 

4.0 

4.3 

4.5 

4.65 

4.  (V5 

4.6 

4.6 

4. 25 

3.  95 

4.0 

3.8.5 

3.  75 

3.65 

3.4  I 
3.  25 
3. 15 

3.:i5 

3.35  I 

3.05  I 


2.95 


2.6 

2.85 

3.55 

3.75 

4.0 

3.6 

3.25 

2.95 

2. 75 

2.95 

3.2 

3.7 

3.2 

3.1 

2. 95 

2. 65 

3.3.5 

3.45 

3.2 

3.1 

3.0 

2.9 

2.9 

3.2 

3.  15 

3.  :i.5 

3.2 

3. 15 

3.  25 

3.3 

3.  45 


I 


3.8 

3.65 

3.5 

3.45 

3.65 

3.7 

3.1 

3.15 

3.3 

3.7 

3.45 

2.75 

2. 55 

2.8 

2.65 

2. 55 

2.95 

3.2 

3.2 

3. 05 

3.1 

2.  t;5 

2.  45 

2.2.5 

2.05 

2. 05 

2.  45 

2.65 

2  7 

2.  .55  ! 

2.  8 


Sept. 

3.05 

2.196 

3.C5 

3.0 

8.05 

3.05 

2.8 

2.5.5 

2.4 

2. 35 

2.3 

2. 2 

2.45 

2.1 

2. 25 

2.2 

■2.15 

2.35 

2.5 

2.6 

2.6 

2.6 

2. 45 

2.35 

2. 65 

2.5 

2. 5 

2.6 

2.6.5 

2.^5 


Oct,       Nov.     D«?c 


2.3 

2.4 

2.4 

2.35 

2.15 

2. 15 

1.95 

2.1 

2.0 

1.9 

2.0 

2.0 

2.1 

2.1 

2. 2 

2. 15 

2.0 

1.9 

1.9 

1.9 

l.(»5 

1.3 

1.6 

1.3 

1.25 

1.2 

1.3 

1.3 

1.0 

1.2 

1.3 


~ 


1.3 

1.45 

1.85 

2.0 

1.8 

1.9 

1.95 

1.9 

'•*! 

!•!  I 

1.  < 

1.35  . 
l.ej.5!. 

1.7  :. 

1.35  1. 
1.3  I- 
1.9      . 

2.0  j. 

2.1  . 

2.  2.5 
2.0.5     . 
1.9     '. 
l.S 
1.8 

1.5  !- 

1.15 
1.7 

2. 15  ,  . 
1.8     ! 
2. 0       . 


S.1 
2L» 
l.f 
2.* 
2.J 
2.* 


i* 


Note. — River  wa.s  frozen  January  1-21,  open  January  22-25,  fmzen  January  26  to  March  19.  and  o^""" 
at  the  gage  March  20  to  April  10.  The  ice  broke  up  at  the  bridge  March  31.  Jam  of  ice  bi»low  the  i»^ 
April  1-10.  Rivrr  clear  of  iee  Anril  11.  River  frozen  I)cceniber  1-:U,  but  open  at  the  gage  until 
I)eeeml>er  11.  During  frozen  periods  gage  heights  are  to  tl»o  surface  of  the  water  in  a  hole  cut  if 
the  ice. 
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The  following  thickni>88e8  of  ice  were  measured 

Foot. 

January  2 0. 8 

January  9 75 

January  16 6 

January  27 8 

January  30 5 

February  6 7 

February  18 7.> 


Foot. 

February  20 0. 8 

February  27 : 7 

March  6 4 

March  13 3 

December  26  (gage  height  to  top  of  ice  2.6 
feet) 8 


Station  rating  table  for  Penobscot  River  at  West  Enfield y  Me.^  from  Januarif  1  to  December 

SI,  1905. 


Gage 
height. 

FiH. 

Discharge. 

1   hei^t. 

Discharge. 
Sramd-feet. 

Gage 
height. 

Ftet. 

Discharge. 

Gage 
height. 

Discharge. 

Srcttnd-j'ect. 

Second-feet. 

Feet. 

Serowl'/cet. 

1.00 

1,630 

2.70 

4,130 

4.40 

8,580 

7.20 

18,440 

1.10 

1,735 

2.80 

4,340 

4.50 

8,880 

7.40 

19,350 

1.20 

1,W5    , 

2.90 

4,560 

4.60 

9,180 

7.60 

20,290 

1.30 

1,960 

3.00 

4,785 

4.70 

9,485 

7.80 

21,260 

1.40 

2,  OHO 

3. 10 

5,020 

4.80 

9,790 

8.00 

22,270 

1.50 

2.205 

3.20 

5,260 

4.90 

10,100 

8.20 

23,320 

1.60 

2.330 

3.30 

6,510 

5.00 

10,410 

8.40 

24. 410 

1.70 

2,465 

3.40 

5,770 

5.20 

11,040 

8.60 

25,  WO 

l.JH) 

2,600 

3.50 

6,035 

5.40 

11,680 

8.80 

26,710 

1.90 

2,740 

8.60 

6,300 

5.60 

12,336 

9.00 

27,900 

2.00 

2,885 

3.70 

6,570 

5.80 

13,000 

9.50 

31,030 

2.10 

3,010 

3.80 

6,845 

6.00 

13,685    1 

10.00 

34,830 

2.20 

3,200 

3.90 

7,125 

6.20 

14,395 

10.50 

37,780 

2.30 

3,870 

4.00 

7,405 

6.40 

15,185 

11.00 

41,370 

2.40 

3,550 

4.10 

7,695 

6.60 

15,915 

11.50 

45,070 

2.50 

3,735 

4.20 

7,990 

6.80 

16,730 

12.00 

48,840 

2.60 

3,930 

4.30 

8,285 

1        7.00 

17,670 

12.50 

52,680 

Note.— The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  18  discharge 
mi*asurements  made  during  1901-5.    It  is  well  denned  between  gage  heights  1.2  feet  and  12  feet. 

Estimated  monthly  discharge  of  Penobscot  River  at  West  Enfieldj  Me.,  for  1905, 
[Drainage  area,  6,680  square  miles.^] 


Month. 


April  (11-30). 
May 


June 

July 

August 

September. 
October  .... 
November., 


Discharge  in  second-feet. 


Maximum.  Minimum.     Mean, 


I 


32,990 
22,530 
14,215 
7,405 
6,845 
4,902 
3,560 
3,285 


16,940 
18,860 
4,672 
3,980 
2,962 
3,040 
1,680 
1,790 


24,280 
16,430 
8,226 
5,281 
4,794 
3,883 
2,667 
2,669 


Run-off. 


Second-feet 

per  suuare 

mile. 


3.66 
2.48 
1.24 
.797 
.723 
.586 
.402 
.387 


Depth  in 
inches. 


2.72 
2.86 
1.38 
.919 
.834 
.654 
.464 
.482 


aincludes  Cbamberlalu  Lake  drainage.    See  deflcription  of  St.  John  River  drainage  basin,  p.  20. 
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EAST  BRAXC'II  PKXOBSC'OT  KIVEU  AT  GR1ND8TONK,  ME. 

This  station  was  established  October  23,  1902,  l)y  F.  E.  Preesey.  It  is  located  it 
the  Bangor  and  Aroostook  Railroad  brid^,  one-half  mile  south  of  the  railroad  staticm. 

The  channel  is  straight  both  above  and  below  the  station.  The  flow  is  moderately 
rapid  at  medium  and  high  stages  of  the  river,  but  sluggish  at  low  water.  FlQctu- 
tions  in  stage  are  usually  slow,  as  no  water  power  is  used  on  the  river  alx>ve  the  sta- 
tion. Dams  are  maintained  at  the  outlets  of  several  of  the  lakes  and  ponds  near  the 
source  of  the  river,  and  the  inipounde<l  water  is  used  for  log  driving.  The  bed  is? 
rocky  and  permanent;  the  stream  is  confined  to  the  channel  by  the  abutments  of  the 
bridge  and  has  a  width  of  about  275  feet,  broken  by  one  pier.  Practically  all  land 
areas  in  this  basin  are  in  forest. 

Discharge  measurements  are  made  from  the  railway  bridge.  The  initial  point  for 
soundings  is  on  the  left  bank  at  the  lower  end  of  the  inclined  end  post. 

A  standard  chain  gage,  which  is  read  twice  each  day  by  Harry  Stinson,  is  fastened 
to  the  guard  timber  on  the  upstream  side  of  the  bridge.  The  length  of  the  chain 
was  31.99  feet  when  the  gage  was  established,  but  changed  to  31.95  feet  July  5, 1905, 
owing  to  settling.  The  gage  is  referred  to  bench  marks  as  follows:  ( 1 )  Southwcft 
comer  of  bridge  seat  on  east  abutment;  elevation,  26.32  feet.  (2)  Copper  bdt  in 
ledge  under  north  end  of  bridge;  elevation,  8.78  feet.  (3)  Marked  point  on  ceottr 
stringer  near  gage;  elevation,  29.78  feet.     All  elevations  are  al)ove  gage  datum. 

Information  in  regard  to  this  station  is  containe<l  in  the  following  Water-Supplj 
Papers  of  the  United  States  Geological  Survey: 

Description:  82,  p  22;  97.  pp  32-33;  124.  pp  40-41. 
DiBchai^Ke:  82,  p  22;  97,  p  33:  124,  p  41. 
DiHcharge,  monthly:  97,  p  31;  124,  p  43. 
Gage  heights:  82,  p  22;  97,  p  33;  124,  p  42. 
Rating  table:  97,  p  34;  124,  p  43. 

Discharge   measurements  of  I'hM  Branch    Penobscot  Rlrer  at  Grindttoney  Me.y  in  ISOS. 


Date.         I  lIydn«™p.K.p.  Wi.Ith.    ii^iJo;;!  I  veto?i?y. 


heignt.  ,  ebaif«. 


April  14 F.  K.  Pressey. 

October  17 ' <lo 


Fnt. 

Square 
fed. 

Feet  per 
itecfmd. 

>V^. 

Setmd 

2.-i9  1 

2,070 

1.97  j 

7.4ft 

4.0* 

22.') 

1,170 

.10  j 

3.96 

12 
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fkiihj  f/age  height ^  in  feety  of  East  Branch  Penobscot  River  at  Grindstone j  Me,,  for  1905, 


Day. 


9. 
10. 


20. 
21.. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


7. 15  i 


5.55  ! 


6.56  ' 


6.65 


11 

' 

5.55 

12 

13        

1 

5. 56 

1 

14 

1 

15 

16 

5.65  ' 

17 

18 

5.65 

5.25 

10 

1 

5.55  ' 


6.55       5.65  i 


5.6    j I i 

I ' I 


8.96 

8.55 

8.4 

7.85 

7.45 

7.45 

7.45 

7.2 

6.95 

6.9^ 

6.7 

6.2:> 

6.15 

6.15 

6.85 

7.25 

7.75 

7.86 

7.9 

7.36 

7.0 

7.06 

7.06 

7. 15 


Jan.      Feb.     Mar.      Apr.  \  May. 


7.35 

7.25 

7.1 

6.95 

6.4 

5.85 

5.95 

5.9 

5.85 

5.86 

5.85 

5.85 

5.86 

6.1 

6.2 

6.36 

6.5 

7.0 

7.4 

7.55 

7.5 

7.25 

7.25 

7.26 

7.45 

7.55 

7.55 

7.26 

7.15 


I  I 

June.  I  July.     Aug. 


I 


6.25 

5.95 

6.05 

6.45 

7.15 

7.35 

7.05 

7.06 

7.(» 

7. 15 

7.1 

7.05 

7.06 

7.05 

7.05 

7.05 

6.8 

6.25 

5.85 

6.4 

5.15 

6.a5 

5.05 

6.05 

5.1 

5.25 

5.26 

5.3 

5.&5 

5.36 


6.35 


5.35  I 
5.4  , 
5.56  ; 


I 


5.55 
5.66 
5.6 

5.:«> 

6.3 

6.35 

5.4 

6.35 

6.15 

6.a-> 

6.0 

5.9 

5.9 

5.9 

6. 15 

6.7 

6.9 

6.9 

6.9 

6.85 

6.8 

7.0 

7.36 

7.4 

7.4 

7.4 

7.4 

7.4 


5.4 

5.06 

4.9 

4.75 

4.7 

4.8 

4.9 

4.9 

4.9 

4.65 

4.6 

4.5 

4.6 

4.5 

4.5 

4.5 

4.6 

4.5 

4.5 

4.5 

4.5 

4.5 

4.4 

4.4 

4.4 

5.85 

6.2 

6.35 

6.8 

6.9 

7.1 


Sept.      Oct 


7.3 
7.3    ' 
7.3    ! 

7.05  j 
6.26  I 

6.1  ! 
5.85  I 

5.3  I 
5.15  1 
4.8 

4.6  I 

4.4  I 
4.2 

4.2  I 
4.4 
4.4 

4.5  I 
4.5 
4.5 
4.5 
4.5 
4.5 
4.3 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 


I 


4.2 

4.15 

4.1 

4.1 

4.1 

4.1 

4.1 

4.1 

4.4 

4.3 

4.1 

4.1 

4.1 

4.1 

4.1 

4.1 

4.2 

4.3 

4.3 

4.3 

4.3 

4.3 

4.3 

4.3 

4.05 

3.9 

3.9 

3.9 

3.8 

3.8 

3.8 


Nov. 


4.6 
4.5 
4.5 
4.5 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.6 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 


Dec. 


5.2 


4.4 


4.4 


4.4 


Note. — River  frozen  January  1  to  April  7  and  November  19  to  December  31. 
:e  helffhts  were  read  to  the  surface  of  the  ice. 
'  le  following  measurementx  of  the  tbicknefis  of  the  ice  were  made: 


■^^ 


During  frozen  period 


Feet. 

January  7 1.8 

January  16 2. 0 

January  21 2.0 

January  80 2. 0 

February  6 2.3 

February  12 2.3 

February  18 2.3 

February  26 2. 4 

March  4 2.4 

March  11 2,4 


Feet. 

March  IS 2.3 

March  26 1.8 

April  2 1.0 

November  23 2 

December  1 6 

December  9 5 

December  16 7 

December  26 • 7 

December  30 7 
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Station  rating  table  for  EaM,  Branch  Penobscot  Hirer  at  (irindstone,  Afe.,  /rrwi  JamMry  I 

to  December  SI,  lOOn. 


I  height. 


-  .--  ...      -^       ...      .  , 


Fen. 

,  Srctmd-ffd. 

Frrt. 

Sfnmd-fed. ; 

Pert. 

Srrfmd/eti. 

J^set, 

Srronti/fft. 

3.  KG 

'              140    . 

4.9J 

570     I 

6.00 

i.rjw 

7.20 

'           3.495 

3.90 

1              160     > 

5.00 

6:*) 

6. 10 

1.7«> 

7.40 

3.88U 

4.00 

1             1H5 

5. 10 

700    ' 

6.20 

1,H40 

7.60 

1           4.285 

4.10 

210 

5.20 

775    1 

6.;» 

1.980 

7.80 

4.710    1 

4.20 

1              240 

5.  :<o 

K55 

6.40 

2, 180      ! 

8.00 

,           5,156 

4.30 

275 

5.40 

940     . 

6.50 

2,285 

8.20 

'           5.620    ' 

4.40 

1             315 

5.50 

1,030 

6.60 

2,445     . 

8.40 

6,110 

4.50 

1              360 

5.60 

1,130 

6. 70 

2,610     ' 

8.60 

6,630    . 

4.60 

'              405     ' 

5.70 

1,235 

6.80 

2,780 

8.80 

7,190 

4.70 

1              4.V> 

5. 80 

1.345    1 

6.90 

2,955     ' 

9.00 

7.790    1 

4.80 

610 

5.90 

1,460 

7.O0 

3.130     1 

9.20 

S,880    j 

Note. — The  above  table  Im  applicable  only  for  open-channel  eonditionn. 
measurements  made  during  1902-1905.  and  U  well  defined. 


It  Ik  iM&aed  on  ISdiaehaife 


Estimated  monthly  discharge  of  Ea»t  Braiwh  Penoltscot  Riirr  at  GrititUianey  Afe.f/orJSt^'i. 
[Drainage  area.  1.130  s<)uare  miles,  oj' 


Month. 


I)i8<;harge  in  Ke<'ond-feet. 


Run-off. 


Maximum.  Minimum. 


Aprll7-30 7.G:«  1.772 

May 4. 182  1,402 

June 3, 782  6<V5 

July 3,880  8.55  ^ 

Au»jusl 3.310  315 

S«»ptemlKjr 3, 685  240  • 

OctolKT 315  140  I 

Nj)Veml>er  1-18 :  455  315  ' 


,  Second-feet   iv.«#Kin 
Mean.    I  per  square     %P£i" 


3.H42 
2,742  , 
2,U89 
2.143 
820 
911  , 
•221, 
874  , 


3.40 

3.113 

2.43     , 

2.KI 

1.80     ' 

2.UI 

1.90 

2  IV 

.726 

.'vC 

.806  1 

.•'vy 

.196 

.iX 

.331  1 

.222 

a  IncludeH  Chamberlain  I.Ake  <irainage.    .^e  description  of  .^t.  John  Kiver  drainage  basin,  p.  20. 
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MATTAWAMKEAG   RIVEU  AT  MATTAWAMKEAG,  ME. 

This  station  was  established  August  26, 1902,  by  F.  E.  Preseey.  It  is  United  at  the 
Maine  Central  Railroad  bridge  in  the  village  of  Mattawamkeag. 

The  channel  is  straight  both  above  and  below  the  station  and  has  a  width  of  al>out 
400  feet  at  ordinary  stages,  broken  by  two  piers.  The  bed  of  the  stream  is  rocky  and 
permanent.  The  water  is  confined  to  the  channel  by  the  abutments  of  the  bridge. 
The  current  is  strong  at  high  and  met^lium  at  low  stages.  Dams  are  maintained  at 
the  outlets  of  several  of  the  lakes  and  ])onds  in  this  basin,  and  the  8tore<l  water  is 
used  for  driving  logs.     Probably  90  i>er  cent  of  the  land  surface  is  in  forest. 

Discharge  measurements  at  ordinary  and  high  stages  are  ma<le  from  the  bridge, 
w^hich  is  slightly  oblique  to  the  thread  of  the  stream.  The  initial  point  for  soundings 
is  on  the  south  abutment  at  the  lower  end  of  the  inclined  end  post  of  the  downstream 
truss.  Low-water  measurements  are  made  by  wading  at  a  point  about  1  mile  above 
the  station,  where  the  velocities  are  greater  than  at  the  bridge  and  the  bed  is  gravelly. 

A  standard  chain  gage,  which  is  read  twice  each  day  by  W.  T.  Mincher,  is  attached 
to  the  guard  timber  of  the  lower  side  of  the  bridge.  The  length  of  the  chain  is  33.40 
feet.  The  gage  is  referred  to  l)ench  marks  as  follows:  (1)  Southwest  corner  of  bridge 
seat  of  north  abutment;  elevation,  26.87  feet.  (2)  0)pper  bolt  in  bowlder  north 
of  bridge  and  west  of  railroad;  elevation,  19.01  feet.  (3)  Marked  point  on  stringer 
near  gage;  elevation,  31.42  feet.  All  elevations  are  above  gage  datum,  which  is  at 
elevation  185.93  feet  above  mean  sea  level,  as  determined  by  the  Penobscot  River 
survey  of  1904. 

Information  in  r^:ard  to  this  station  is  contained  in  the  following  Water-Supply 
Papers  of  the  United  States  Geological  Survey : 

Deacription:  82,  pp  22-23;  97,  p  35;  124,  p  44. 
DiRChaige:  82,  p  23;  97,  p  35;  124,  p  45. 
Discharge,  daily:  97,  p  87. 
Discharge,  monthly:  97,  p38;  124,  p  47. 
Gage  heights:  82,  p  28;  97.  p  36:  124,  pp  45-46. 
RatiDg  table:  97,  p  36;  124,  p  46. 

Discharge  inecuurements  of  MaJUawamkeag  River  at  Matiaummkeag,  Me.^  in  1905, 


Date. 

April  13 

May  5 

Hydrographer. 
P.  E.  Pressey 

do 

June  23 

PrMHey  and  Adam^ , 

October  24 

October  25a... 

P.  E.  Pressey 

do 

November  15  a. 

....do 

Width. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Dis- 
charge. 

Feet. 

Sq.ffft, 

Ft.peT»ec.\ 

Ftet. 

Sec-feet. 

401 

2,460 

4.37  1 

9.40 

10,740 

396 

1,350 

3.07 

6.69 

4,150 

338 

660 

2.21  1 

4.91 

1,460 

153 

120 

.98  1 

2.65 

117 

100 

88 

1. 18  1 

2. 62 

104 

145 

176 

2.19  1 

3.61 

385 

a  Measurement  made  by  wading  about  1  mile  above  gage. 


42 


STREAM    MEASUREMENTS    IN   1905,   PART    I. 


Daily  gage  height,  in  feel,  of  Mattwvamkeag  River,  at  Maitavcamkeag,  Me,,  for  1906. 


Day. 

Jan. 
4.0 

Feb. 

_  .  _ 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

Dec. 

1 

6.9 

6.8 

6.7 

6.7 

6.65 

6.5 

6.3 

6.2 

6.1 

6.1 

6.1 

6.15 

6.1 

5.95 

5.66 

5.65 

5.9 

6.1 

6.5 

6.75 

7.36 

7.2 

7.2 

7.3 

7.15 

6.8 

6.4.'S 

6.0 

5.45 
5.3 

5.3 

6.3 

6.3 

5.2 

6.2 

5.2 

5.2 

5.1 

5.1 

4.95 

4.86 

4.7 

4.65 

4.8 

4.95 

5.2 

5.55 

5.25 

5.36 

6.7 

5.6 

5.1 

4.95 

4.75 

4.55 

4.4 

4.3 

4.4 

4.3 

4.3 



4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.1 

4.1 

4.0 

4.0 

3.9 

3.9 

3.8 

3.7 

3.7 

3.7 

3.7 

3.7 

3.7 

3.55 

3.4 

3.6 

3.7 

3.6 

3.45 

3.:> 

3.5 

3.5 

3.6 

3.5 

8.45 

3.8 

3.3 

3.3 

3.2 

3.2 

8.26 

3.4 

8.4 

3.4 

8.25 

8.1 

8.1 

3.0 

3.2 

3.2 

3.2 

3.15 

3.0 

2.9 

2.85 

3.0 

3.1 

3.0 

2.9 

2.9 

2.8 

2.8 

2.8 

2.8 

2.9 

3.1 

8.1 

3.2 

8.2 

8.2 

3.1 

3.0 

S.0 

3.2 

8.4 

8.35 

3.3 

3.2 

8.2 

3.3 

3.2 

8.2 

3.1 

2.0 

2.96 

2.8 

2.8 

2.7 

2.7 

2.7 

2.7 
2.6 
2.6 
2.5 
2.5 
2.6 
2.5 
2.5 
2.5 
2.5 
2,5 
2.5 
2.6 
2.6 
2.6 
2.6 
2.5 
2.5 
2.6 
2.6 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.6 
2.6 
2.6 
2.6 

2.6    i 

2.7 

2.7 

3.4 

S.5 

3.6 

3.6 

3.6 

3.6 

8.6 

8.7 

8.7 

S.7 

8.7 

3.6 

3.6 

3.7 

3.96 

4-25 

4.6 

4.8 

4.05 

3.9 

3.9 

4.0 

4.0 

4.0 

4.0 

4.15 

4.4 

4.9 

2 

11.4 
8.85 
8.6 
8.45 
8.65 
9.2 
9.8 
10.0 
10.0 
9.9 
9.6 
9.45 
9.8 
9.3 
9.3 
9.15 
8.8 
8.4 
8.15 
7.9 
7.9 
8.0 
8.0 
8.0 
7.9 

4.9 

3 

4.7 

4 

! 

i!» 

5 

4.7 

4.9 

4.9 

« 1 

\{b 

7 1 

a.U 

H ' 

4.9 

9 

4.2 

4.8 

10 

'1 

4.65 

11 

\.h 

12 

4.7 

4.7 

4.4 

13 

.. 

4.4 

14 

4.56 

16 

4.8 

IG 

4.7 

4.9 

17 



4.9 

18 

4.$ 

19 

4.7 

4.5 

20 ■ 1      4.4 

21 

4.i» 

4.1^ 

22 4.7 

23 

4.7 

4.7 

24 

4.C 

25 i            }             i        ... 

4.6 

26 1 1      4.7  '      4.9 

•27 ' '  .         .i 

4..^ 
4  5 

2H 1 

29 ,      4.7    ' 

30 ' 

7.35 

7.1 

7.0 

4.4 
4.4 
4  5 

31 

1 

1 

4.3 

Note. — River  frozen  January  1  to  April  1,  and  DeeenilM' 
readings  were  taken  to  the  M\irface  of  the  water  In  a  hole 
readingH  were  taken: 


r  17-31.    For  these  periods  the  gaK^-heifbt 
<*ut  in  the  ioe.    The  following  coinparadtr 


Pate. 


Water    '    Top  of 
.surface.  .       ice. 


Thick- 
ness of 
ice. 


January  1  . . 
January  9  . . 
January  16 . 
January  22  . 
January  29  . 
February  5 . 
February  12 
February  20 
February  2G 

March  5 

March  12  . . . 
March  19... 
March  26  . . . 


Fed. 
4.0 
4.2 
4.7 
4.7 
4.7 
4.7 
4.7 
4.4 
4.7 
4.9 
4.7 
4.7 
4.9 

Fert. 

Ffft. 

1  V 

\.i 

1.3 

5.0  1 

4.9  ; 

4.9 

4.6 

4.9 

5.0 

4.9 

4.9 

5.1 

l.S 

U 

I.ii 

1.6 

U 

U 

1.6 

\.i 

1.6 

April  6,  river  clear  of  ice.    May  8-9  and  November  3,  no  reeortl:  gage  heights  estimated, 
ber  17-31,  nver  frozen  over,  but  not  safe  to  go  upon;  ice  0.6  foot  thick  December  31. 


Decem- 


PENOBSCOT    RIVKR    DRAINAOK    BASIN. 


43 


Stntiott  ratiwj  tahle  for  Mattawamkeag  Bkrr  at  Mattairamkeofj,  Me. j  from  Janunrij  1  to 

December  .il,  7.^5. 


1     Oiige 
!   height. 

Diwhiirge. 
Strond-feet. 

(Jttge 
height. 

Feet. 

,  Diseharge. 
'  ^i'ondjeet.  i 

height. 

Frtt. 

Feet. 

1         2.  ftO 

H6    '^ 

4.00 

1             660 

5.50 

1         2.60 

100    , 

4.10 

,               736     ; 

•   5.60 

2.  70 

114 

4.20 

«18 

5. 70 

2.  SO 

134    'i 

4.30 

906 

5.80 

2.90 

160 

4.40 

1.000       ; 

5.90 

3.00 

1              190 

4.50 

1          1,100 

6.00 

3.10 

22:^    Il 

4.60 

1.206 

«i.  20 

i        3.20 

!              2:>8    ;' 

1.70 

1          1,318    , 

6.40 

1        3.30 

1              295     , 

4.80 

1          1,436 

6.60 

1        3.40 

m     j 

4.90 

1,559    ' 

6.80 

3.ftO 

375 

5.00 

'          1,687 

7.00 

1        3.(t0 

420 

5. 10 

1          1,>*17 

7. -20 

3.70 

470 

5.20 

1,949  ; 

7.40 

3.W 

j             6"2ft 

5.30 

2,083 

7.60 

3.90 

590    ,. 

1                       II 

5.40 

j          2,219     1 

7.80 

I 
Discharge. ; 

Gaee 
height. 

DiHcharge. 

Sfcotid-feet. 

F.et. 

Second-feet. 

'A&W    1 

8.00 

7,275 

2,505 

8.20 

7,750 

2.658 

8.40 

8,235 

2,818 

8.60 

8,730 

2.9«r,    ' 

8.80 

9,235 

3,160 

9.00 

9,7.50 

3.525 

9.20 

10,275 

3,900 

9.40 

10,820 

4,285 

9.60 

10,380 

4,675 

9.80 

11,945 

.'i,075 

10.00 

12,620 

5,495    ■ 

10.50 

14,000 

5,920 

11.00 

16,690 

0,860 

6,810 

NoTK.— The  above  table  is  applic4ible  onW  for  open-channel  conditions.    It  is  based  on  22  discharge 
meHNureinentJt  made  during  1902-1905.    it  im  well  deAned  between  gage  heights  2.6  feet  and  9.5  feet. 

K«timated  monthly  dischanje  of  Mattiiwamkeatj  River  at  Malta tiximkeagj  Me,y  for  1905. 
[Drainage  area,  1,510  Kquare  miles.] 


Month. 


Discharge  in  wcond-feet. 
Maximum.  Minimum, 


I 


Kun-off. 


I  Second-feet  I  n«»n*h  in 
Mean.      i^^r  Hoimre  !  ^epth  in 


persQuare 
mile. 


inches. 


April  2-30 '. 16,910  5,075 

May 5,812  2,083 

June 2,6.58  906 

July 818  334 

August 375  114 

SeptemU?r 3»4  114 

October 114  1  86 

Noveml>er...  1,206  .  100 

I>ecem»>erl-16 1.752  I.IKM) 


9,194 
3,898 
1,695 

601 

250 

209 
98.7 

Ml 
1.461 


6.09    - 

2.58 

1.12 
.398 
.166 
.138 
.066 
.358 


•  I 


6.57 
2.97 
1.25 
.459 
.191 
.164 
.075 
.399 
.595 


I 
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STRKAM   MEASUREMENTS    IN    1905,  PART   I. 


PISCATAQUIS  RIVER  NEAR  FOXCROFT,  ME. 

This  station  was  established  August  17,  1902,  by  F.  E.  Preasey.  It  is  located  it 
Low's  bridge,  about  half  way  between  Guilford  and  Foxcroft. 

The  channel  is  straight  above  and  below  the  station,  and  has  a  width  at  ordinary 
stages  of  about  90  feet  The  banks  are  high  and  rocky;  the  bed  is  rough  and  rocky, 
but  permanent.  The  current  is  strong  at  high  and  medium  at  low  stages.  Water 
power  is  used  at  several  manufacturing  plants  within  a  few  miles  above  the  station. 
As  a  result  of  the  interruptions  due  to  the  irregular  use  of  water  at' the  mills,  the  river 
fluctuates,  at  low  stages,  through  nearly  a  foot  on  the  gage  within  the  day.  The 
small  amount  of  store<i  water  in  this  basin  is  generally  used  for  log  driving. 
Slopes  are  steep.  The  river  rises  and  falls  rapidly.  Probably  60  per  cent  of  the 
basin  is  in  forest. 

Discharge  measurements  are  made  at  ordinary  and  high  stages  from  the  bridge. 
The  initial  point  for  soundings  is  on  the  left  bank  at  the  top  of  the  face  of  the  left 
abutment.  Low- water  measurements  are  made  by  wading,  either  above  or  below  the 
bridge,  at  points  where  the  bed  is  fine  gravel,  and  the  velocity  is  greater  than  at  the 
bridge. 

A  staff  gage  is  spiked  vertically  to  the  left  abutment.  It  is  read  twice  each  day  by 
A.  F.  D.  Harlow.  The  gage  is  referred  to  bench  marks  as  follows:  (1)  Top  of  second 
course  from  top  of  left  abutment;  elevation,  17.80  feet.  (2)  Copper  bolt  in  ledge  150 
feet  north  of  highway  and  75  feet  west  of  river;  elevation,  20.97  feet.  (3)  Marked 
point  on  bottom  chord  of  upstream  truss  of  bridge,  30  feet  from  the  initial  point; 
elevation,  21.80  feet.     All  elevations  are  above  gage  datum. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply 
Papers  of  the  United  States  Geological  Survey: 

Description:  82,  p  28;  97,  pp  38-39;  124,  pp  47-48. 
Discharge:  82,  p  23;  97,  p  39;  124,  p  48. 
Discharge,  monthly:  82,  p  24;  97,  p  41;  124,  p  50. 
Gage  heights:  82,  p  24;  97,  p  40;  124,  pp  48-49. 
Rating  tables:  82,  p  24;  97,  i»  40;  124,  p  49. 

Dischitrye.  measnremenUt  of  Piscataquis  River  near  Foxcroft^  Me. ,  in  1905. 


Dnte. 


HydroKraplier. 


Width. 


April  ir> '  F.  E.  Pressoy 128 

J  line  20 '  Pres.sey  ami  Adams 104 


I  Area  of 
section. 

550 
230 


Mean 
velocity. ! 


Gage     I 
height. 


Ft.jtersccJ 
5.24  I 
1.85  I 


Feet. 
5.a'> 
3.01 


Dis- 
charKf. 

Srr.  -Ji, 
42S 
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iMily  gnge  heitjhl^  in  feel,  of  Piscataquis  River  near  Foxcroft,  Me.,  for  190.5. 


Day. 


I  Jan.   I  Feb.  ,  Mar.      Apr.     May.  i  June,  i  July.  |  Aug.     Sept.  |   Oct.   i  Nov.  '  Dec. 


8.. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
2H. 
29. 
3b. 
31.. 


2.0  I 

3.5  I 

3.5  { 

3.2  I 

3.2, 

3.1, 

3.0 

3.0 

3.4  i 

4.0  I 

4.0  I 

4.0 

4.0 

4.0 

3.6 

4.0 

3.6 

3.7 

8.8 

3.7 

8. 4 

3.4 

8.6 

3.6 

8.6 

3.4 

3.6 

8.4 

2.8 

8.2 

8.2 


3.1  j 
3.1 

8.2  I 
3.7 
2.8 
3.2  I 
8.7  I 

3.7  I 
3.2  I 
3.2, 

3.2  I 

8.2 

3.2 

3.2  ' 
3.3: 
3.4  i 

3.3  I 
8.2  j 
2.8, 
3.0  I 

3.0  ' 

8.1  I 

3.2  I 

3.8  I 

3.4  I 
4.2  j 
4.2  I 
4.0 


3.8 
3.8 
3.8 
8.8 
3.6 
3.5 
8.0 
2.6 
2.6 
2.5 
2.4 
2.4 
2.5 
2.5 
2.6 
2.6 
2.6 
2.6 
2.4 
2.8 
3.0 
3.0 
3.1 
8.2 
8.2 
3.2 
4.8 
5.4 
6.5 
6.6 
8.0 


8.3 
6.5 
6.5 
4.8 
4.3 
5.2 
8.2 
5.7 
4.7 
4.7 
4.7 
4.9 
5.0 
4.8 
5.2 
5.0 
4.6 
4.3 
4.4 
3.6 
3.9 
4.6 
4.7 
4.3 
4.2 
4.3 
4.4, 

4.4  I 
8.8 

3.5  ! 


I 


3.6 

3.8  I 

4.0' 

4.5  i 

4.4 

4.4  ! 

4.2  I 

4.0  I 

3.9 

3.9 

3.1 

3.1 

3.3 

3.7 

4.1 

3.3 

3.3 

3.3 

3.3 

3.8 

3.8 

3.4 

3.2 

3.2 

8.2 

3.1 

3.3 

3.3 

2.9 

2.9 

2.9 


2.9 
2.8  ' 
2.8  I 
2.8  i 
2.6 

3.0  ' 
3.0 
2.8 
2.8 
2.7 
2.4  I 
2.6  ' 

3.1  i 
3.1 
3.0  i 

3.0  i 

2.8  , 

2.9  j 
3.3  I 
3.5 
3.4' 

3.2  ' 

3.1  I 
2.9  1 
8.0  I 
2.8  I 
2.9, 
2.9 
2.8  I 

2.5' 

I 


2.4 
2.8 
3.7 
3.3 
3.0 
2.8 
2.8 
•l» 
2.6 
2.6 
2.6 
2.6 
2.5 
2.5 
2.0 
2.0 
2.2 
2.0 
2.0 
2.1 
2.1 
2.0 
2.0 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.5 


2.4 
2.4 
2.4 
2.4  I 

2.4, 
.8 

2.,; 

2.1  ' 

2.1  1 

2.2  I 
2.2  I 
2.2  I 
1.5 
2.8 
2.3 
2.3 
2.2 
2.2 
2.2  I 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
1.8 
2.0 
2.0 
2.1 
2.1 


2.1 
2.3 
1.8 
2.2 
2. 3 
2.6 
2.6 
2.7 
2.2 
2.0 
2.3 
2.4 
2.4 
2.4 
2.4 
2.3 
2.0 
2.0 
1.7 
1.7 
1.8 
2.2 
2.2 
1.9 
2.0 
2.0 
2.2 
2.2 
1.9 
1.9 


2.0 

2.2 

2.3 

2.3 

2.3  j 

2.2  ' 

2.0  ' 

1.8 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

1.7 

2.2 

2.2 

2.2 

2.0 

1.9 

1.9 

I 
1.0 

1.9 

1.9  ' 

1.9  I 

1.9  I 

1.9  i 

1.9  I 

1.5  1 

1.5  i 

1.5 


2.0 

2.0 

2.0 

2.0 

1. 

2.0 

2.0 

2.0 

2.3 

2.2 

2.0 

1.7 

2.0 

2.2 

2.0 

1.9 

2.2 

2.4 

2.6 

2.2 

2.2 

2,2 

2.1 

2.0 

1.9 

1.8 

2.3 

2.2 

2.2 

2.0 


71 


I 


2.1 
2.2 
2.2 
2.4 
2.4 
2.4 
2.4 
2.4 
2.2 
2.0 
2.2 
2.5 
2.6 
2.6 
2.6 
2.6 

2.1 
2.2 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
1.9 
1.9 
1.9 


Note.— Ice  in  river  broke  up  March  80;  river  clear  of  ice  April  7.    River  did  not  freeze  at  Hectirm 
near  gage  during  1905. 

SUUion  rating  table  for  Piscattiquis  River  near  Foxcroft,  Me.,  from  Jannanj  1,  l.'MU,  to 

December  SI,  1905. 


Gage 
height. 

Discharge. 

Gage 
height. 

FM. 

Seeand-feet. 

1 

Peet. 

1.60 

19 

2.70 

1.60 

24 

2.80 

1.70 

81 

2.90 

1.80 

40 

-    8.00 

1.90 

51 

8.10 

2.00 

•4 

8.20 

2.10 

81 

8.80 

2.20 

100 

8.40 

2.80 

128 

8.50 

2.40 

148 

8.60 

2.50 

180 

8.70 

2.60 

220 

j         8.80 

Discharge. 


Gage 
height. 


-l!-- 


Second-feet.  I 

267  I 
818  I 

m 

437 

502  ' 

669  i 

688  I 

709  j 

782  j 

858 

I 
938 

1,023  I 


Fed. 
3.90 
4.00 
4.10 
4.20 
4.30 
4.40 
4.50 
4.60 
4.70 
4.80 
4.90 
5.00 


Discharge.  !l 

i, 

Secfuul-fnt.  1 1 
1,118  l| 

1.208  || 

1,803  ; 

1,403  |! 
1,508   .' 
1.615 
1,725  '' 
1,840  I' 
1.960  || 
2,085 
2,215 
2.350 


hd|ht.,i>'-^»«^n.e.; 


Frrt. 
5.20 
5.40 
5.60 
5.80 
6.00 
6.20 
G.40 
6.60 
6.80 
7.00 


Second -fcH. 
2.63'» 
2,940 
3.26.") 
3  610 
3,970 
4,335 
4,705 
5.C8) 
5,400 
5,840 


Note.— The  above  table  is  applicable  only  for  open-channel  conditionn.    It  Ih  bailed  on  22diKhA3::a«*^ 
measurements miKle  dmbig  Im-lWb.    It  is  well  aeAncd  between  g&gu  V\<iV\^Y\\& \.^  \«%x «xA ^V*"  * 
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Estimated  monthly  discfuirge  of  Piscataquis  Hirer  near  Foxcrofty  Me,,  for  1905, 
[Drainage  area,  280  square  miles.] 


Month. 


January  a.. 
February  a. 

March  a 

Aprila 

May 

June 

July 

August  ft... 
September. 

October 

November . 
December  . 


The  year  . 


Discharge  in  second-feet. 

Run-off. 

Maximum. 

Minimum. 
64 

Mean. 

Second-feet 

Depth  in 
incho. 

1,206 

788 

2.81 

S.24 

1,403 

318 

674 

2.41 

2.51 

7,810 

148 

1,119 

4.00    :          4.61 

8,425 

782 

2,460 

8.79    i          9.«1 

1,72.') 

374 

858 

3.06 

8.M 

782 

148 

396 

1.41 

1.67 

938 

64 

200 

.714 

.828 

148 

5 

96.4 

.344         .vn 

267 

31 

103 

.368              .411 

123 

19 

76.1 

.272 

.314 

220 

31 

82.2 

.294 

.328 

220 

51 

108 

.386 

.444 

8,426 

5 

.580 

2.07 

27. » 

a  Estimates  January  i  to  April  7  may  have  lieen  affected  by  ice  conditions  on  the  river.  The  river 
was  open  at  the  gage. 

ft  August  6,  discharge  estimated  at  6  second-feet.  The  water  was  held  back  on  account  of  consUuc- 
tion  work  on  the  river. 

COLD  STREAM  AT  ENFIELD,  ME. 

Cold  Stream  is  the  outlet  from  Cold  Stream  Pond — really  a  series  of  ponds  com- 
prising a  total  area  of  water  surface  of  about  10  scjuare  miles,  the  largest,  which  is 
mostly  in  the  town  of  Enfield,  having  an  area  of  about  8  square  miles. 

Cold  Stream  flows  into  Passadumkea^  Stream,  a  tributary  of  the  Penobscot,  at  a 
distance  of  some  4 J  miles  from  Cold  Stream  Pond,  and  has  a  total  drainajre  area 
of  alx)ut  87  wjuare  miles.  The  basin  is  mostly  wooded  and  but  8{>arsely  settled. 
Durinjf  the  first  half  mile  the  fall  is  rapid,  but  through  the  rest  of  its  course  the 
stream  runs  through  a  great  swamp  and  is  tortuou.s,  with  a  sluggish  current.  Near  the 
village  of  Enfield  a  fall  of  perhaps  10  to  12  feet  has  in  the  past  l)een  developeil  for 
I)Ower  for  a  saw  and  shingle  mill,  but  is  not  now  in  ust\  This  drainage  basin  has 
been  considered  as  a  source  of  water  supply  for  the  district,  which  includes  Bangor 
and  some  other  adjacent  towns. 

This  station  was  established  June  14,  liKH,  by  N.  (/.  Grover,  and  was  located  at 
the  highway  bridge  about  three-fourths  of  a  mile  south  of  Enfield,  on  the  road  to 
Passadumkeag.  During  the  summer  it  was  found  that  the  gage  was  within  the 
influence  of  backwater  from  Pas.sadumkeag  Stream,  and  conse(]uently,  on  Septeml>er 
12,  1904,  the  gage  was  taken  from  the  highway  bridge  mentione<l  above  and  placet! 
about  200  feet  below  the  old  mill,  near  the  Enfield  post-office.  The  drainage  area  at 
this  point  is  al)Out  26  square  miles. 

The  strt»am  is  fairly  straight  in  the  vicinity  of  the  measuring  section  and  is  about 
30  feet  wide  at  ordinary  stages.  The  depth  is  usually  about  0.9  foot  and  the  velocity 
is  high  at  all  stages.  The  bed  of  the  stream  is  rocky  and  permanent;  the  >)ank8  aiv 
not  high  and  probably  overflow  at  high  stages. 

Discharge  measurements  are  matle  at  low  an<l  medium  stages  by  wading  in  the 
vicinity  of  the  gage.  High-water  measurements  are  made  from  the  bridge  about  600 
feet  above  the  gage. 

A  standard  (!hain  gage  which  is  read  once  each  day  by  A.  J.  Twombley,  is  fastened 
to  a  clump  of  maple  trees  on  the  right  bank  of  the  river.  The  length  of  the  chain 
is  10.24  feet.     The  gage  is  referred  to  Ix^nch  marks  as  follows:  (1)  Spike  in  maple 
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tree  near  the  gage;  elevation,  6.89  feet.  (2)  Point  on  a  rock  marke<l  "B.  M.-2," 
aboat  8  feet  flownstream  from  the  gage,  on  the  right  l)ank;  elevation,  4.55  feet  (3) 
Center  of  the  gage-box  pulley;  elevation,  9.03  feet.  Elevations  are  above  gage 
datum. 

A  description  of  this  station  and  gage  height  and  discharge  data  are  contained  in 
Water-Supply  Paper  of  the  United  States  Geological  Survey  No.  124,  pages  50-61. 


Discharge  mecuurement»  of  Cold  Stream  at  Enfield ^  3/e.,  in  1906, 


Date. 


Hydrographer. 


April28 F.  E.  Premcy. 

Mays ! do 

May  8 do 

May26 ' do 

May26 ' do 

May26 ' do 

June  24 do 

October 'J3 | do 

Noveml>er  28  . . ' do 


I 


Width. 

Fett. 
33 
41 
33 
32 
28 
16.5 
32 
30 
34 


Area  of 
section. 

19.7 

44 

19.8 

28 

1H.2 

22 

23 

14.1 

12.4 


Mean 
velocity. 

Oafe 
height. 

n.pertee. 

Feet. 

1.15 

2.68 

3.81 

8.83 

1.52 

2,63 

2.28 

2.78 

3.03 

2.78 

1.87 

2.78 

2.30 

2.80 

1.51 

2.68 

1.28 

2.64 

Dis- 
charge. 

SCC.-/1. 
22.6 
168 
29.3 
52 
56 
42 
52 

21.3 
15.9 


Daily  gage  height,  in  feet,  of  Cold  Stream  at  Enfield,  Me.,  for  1905. 


Day. 


8. 

9. 
10. 
IJ. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24- 
25. 
26. 
27. 
28. 
29. 
80. 
31. 


I  Jan. 

t~" 

.!  2.6 
.1  2.6 
.i  2.7 
.1      2.7 

.'  2.6 
.'  2.6 
.'  2.8 
.1  2.8 
2.7 
-,  2.7 
.  2.7 
.'  2.7 
2.6 
2.6 
2.6 
2.8 
2.8 
2.7 
2.8 
2.9 
2.8 
2.7 
2.7 
2.7 
2.6 
2.6 
2.7 
2.7 
2.6 
2.6 


Feb. 

Mar.l 

2.7 

2.8 

2.8 

2.7 

2.7 

2.8 

2.7 

2.6 

2.7 

2.6, 

2.7 

2.6 

2.7 

2.8 

2.7 

2.8 

2.7 

2.7 

2.7 

2.7 

2.7 

2.8 

2.7 

2.8 

2.7 

2.7  ' 

2.7 

2.7 

2.8 

2.7 

2.7 

2.7 

2.7 

2.6 

2.7 

2.6 

2.7 

2.7 

2.7 

2.7 

2.7 
2.7 

2.7 

•^.8 

2.7 

2.8 

2.7 

2.7 

2.7 

2.7 

2.7 

2.8 

Apr.     May. 


2.9 
2.8 
2.8 
2.9  ' 
2.,  I 
3.0  , 
3.0  I 
2.8 
2.7' 
2.7  I 
2.7 

2.7; 

2.7 
2.6 
2.7 
2.7 


June.    July 


2.6  : 

2.6  i 


2.6 


2.8 
2.8 


2.6, 
2.6 
2.7  I 
2.6  ! 
2.6  I 
2.7 
2.6 

2.6  ' 
■2.6  ■ 

2.7  , 
2.H 
3.6 
3.7 


3.9 

3.6 

3.4 

3.4 

3.1 

2.9 

2.7 

2.6 

2.6 

3.0 

3.2 

3.2 

3.1 

3.1  I 

3.0  . 

3.0  . 

2.7  ' 

2.7  ' 

2.6 

2.7 

2.7 

2.7 

2.7 

2.8 


•2.8  1 
2.8 
2.8 
'2.H 

2.S 


2.8 
2.7 

2.7, 
2.8, 
2.H 
2.8  ' 
2.8  ' 
2.8  ' 
2.8  I 
2.8  , 
2.8  I 
2.7  ! 

2.7  ' 

2.8  i 

2.8  j 

2.7  : 

2.8  I 
2.8  I 

2.8  I 
2.9 

2.9  I 
2.9  I 
2.8  I 
2.8  I 

2.8 ; 

2.8  ' 

2.8 
2.8 


2.7 

2.7 

2.8 

2.8 

2.8 

2.8 

2.7 

2.7 

2.8 

2.8 

2.8 

2.8 

2.8 

2.9 

2.9 

2.8 

2.7 

2.8 

2.8, 

2.8  ! 

2.8  I 

2.9  I 
2.8  I 
2.8, 


Aug. 

2.7 
2.6 
2.6 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.4 
2.4 
2.4 
2.4 
2.5 
2.5  1 


2.5 

2.5; 

2.5 

2.5! 
2.5  I 
2.5, 
2,  5  , 


Sept. 

2.5 
2.5 
2.6 
2.6 

2. 7 
2.6  I 

2.6  I 

2.8  I 
2.8  , 
2.8 
2.K 
2.8 
2.S  , 
2.8 
2.7 

2.7  ' 
2.7 
2.7 
2.8' 
2.8 
2.8' 


2.9,  2.5' 
2.8!  2.5' 
2.6  ' 
2.5  ' 
2.5 


2.8  ' 
•2.9  I 
'2.8 


Oct. 

2.7 
2.7 
2.7 
2.6 
2  6 
•2.7 
2.7 
•2.6 
•2.6 

•-•■«: 

•2.6 


•2.  V 
•2.7 
2.6 
2.6 
•2.6 
2.  6 
•2.7 
•2.6 
•2.6 
2. 6 
'2. 7 
•2.  7 
'2.H 


Nov. 

'2.6 
'2.6 
•2.7 
•2.7 
2.7 
2.7 
2.7 
2.6 
'2.6 
2.6 
•2.7 
2.7 
2.6 
•2.6 
2.7 
•2.7 
2  7 

2.7 
•2.6 
•2.6  ' 
2.6' 
2.6 
2.6 
'2.6  , 
•2.6 

2  <»  , 
•2.6 


•2.  H 
•2.M 


Dec. 

2.7 
2.6 
•2.6 
•2.6 
•2.6 
•2.6 
'2.7 
2.7 
'2.7 
2.6 
•2.9 
2.8 
2.6 


•2.6 
•2.6 
2.6 
'2.6 
2.6 
•2.7 
•2.7 
2.6 
'2.6 
•2.6 
2.6 
2.6 
•2.6 
2.6 
•2.6 
2.6 


Note.— River  wm  frocen  Dei'ember  11-13;  ice  reached  h  thicknc>»  i^(  O.V\  ^o*A. 
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PHILLIPS  LAKE  AJSiy  OUTLETS  IN  IIOLBEN  AND  DEDHAM,  ME. 

Phillips  Lake  drains  an  area  of  about  11.5  square  miles  and  has  a  water  surface  of 
about  1.4  square  miles.  It  is  situated  alx)ut  10  miles  southeast  of  the  city  of  Bangor. 
The  shores  are  jjenerally  rocky,  and  the  adjacent  country  mostly  wooded  and  bat 
sjmrsely  settletl.  The  water  is  apparently  of  excellent  quality  and  of  considerable 
depth.  This  lake  is  under  consideration  as  a  new  source  of  water  supply  for  the  city 
of  Bangor.  It  has  two  drainage  outlets.  The  greater  amount  of  water  flows  from 
the  north  end  of  the  lake  northward  through  the  village  of  East  Holden,  thence 
southward  through  Long  Pond  and  into  Penobscot  River  below  Bucksport  The 
total  length  of  this  outlet  is  18  miles.  The  other  outlet,  situated  at  the  southeast  end 
of  the  lake,  in  the  town  of  Dedham,  flows  into  Green  Lake  and  thence  into  Union 
River.     Through  this  outlet  there  is  flow  only  during  medium  and  high  stages. 

The  Unite<l  States  Geological  Survey  maintains  gages  at  the  two  outlets  of  the  lake, 
aL^o  a  gage  for  obtaining  a  record  of  lake  level. 

The  station  at  the  northern  outlet  was  established  July  7,  1904,  by  F.  E.  Pressey. 
It  is  located  aV)out  l\  miles  from  the  lake,  one-fourth  mile  south  of  the  village  of 
East  Holden,  and  175  feet  south  of  an  old  mill.  The  drainage  area  at  this  point  is 
12.3  square  miles.  A  plain  staff  gage  was  first  used,  attached  vertically  to  a  maple 
tree  on  the  right  bank,  but  this  was  replaced  on  December  6,  1904,  by  a  standard 
chain  gage  attached  to  the  same  maple  tree;  length  of  chain,  9.48  feet.  The  gage  is 
referred  to  bench  marks  as  follows:  (1)  A  spike,  approximately  vertical,  in  the  foot 
of  the  tree  to  which  the  gage  is  attached,  inclosed  in  a  circle  and  marked  **B.  M.-l;" 
elevation,  5.24  feet  above  gage  datum.  (2)  The  highest  point  on  a  lai^  stone  about 
25  feet  upstream  from  the  gage  in  the  bed  of  the  stream.  It  is  inclosed  in  a  circle 
and  marked  "B.  M.-2;"  elevation,  5.51  feet  alx)ve  gage  datum.  (3)  Spike  driven 
into  maple  tree  to  which  gage  is  attached,  approximately  horizontal,  for  use  in 
measuring  to  the  water  surface;  elevation,  6.17  feet  above  gage  datum.  (4)  Center 
of  gage-lx)x  pulley;  elevation,  8.30  feet  above  gage  datum. 

Dif»charge  niea.surenient.s  are  made  at  onlinary  stages  by  wailing  near  the  gage.  At 
high  water  they  can  be  made  from  a  railroad  bridge  a)x)ut  1  mile  Ufwtream.  The 
channel  is  straight  for  about  10  to  12  feet  al)ove  the  gage  and  cur\'ed  just  l)elow  the 
gage.  The  l)e(l  is  rocky  and  rough,  but  permanent.  The  l)anks  are  high  and  not 
subject  to  overflow.  There  is  but  one  channel  at  all  stages.  The  ordinary  width  k 
about  10  feet;  depth,  0.8  foot;  velocity,  high  at  all  stages.  The  gage  is  read  once 
each  day  by  1a* wis  Pinkham,  of  East  Holden. 

The  station  at  the  southea.stern  outlet  was  established  July  19,  1904,  by  H.  K. 
Barrows.  It  is  located  at  the  highway  bridge  alK)ut  U  miles  southeast  of  Lake 
House  railroad  station,  and  is  about  7(X)  feet  southeast  of  the  Maine  Central  Railroad 
crossing.  A  ])lain  staff  gage  is  fastened  vertically  to  the  logs  of  the  floor  and  the 
right  abutment  of  the  single-span  highway  bridge.  It  is  referred  to  bench  marks  as 
follows:  (1)  A  point  and  circle  on  stone  of  the  southeast  abutment  of  the  bridge 
marked  "  B.  ^I. — 1;"  elevation,  G.ol  feet  above  gage  datum.  (2)  Highest  point  of 
stone  about  50  feet  nrrth  of  the  gage  on  the  west  side  pf  the  road,  inclosed  by  a 
circle  and  marked  '*  B.  M. — 2;"  elevation,  10.04  feet  above  gage  datum. 

Discharge  measurements  are  made  at  low  and  medium  stages  by  wading  just  below 
the  bridge,  and  at  high  stages  from  the  downstream  side  of  the  bridge  to  which  the 
gage  is  attached.  The  cliannel  is  curved  for  al)out  25  feet  above  the  station  and 
straight  for  some  .'^O  fe(»t  ])elow.  Tlie  IkmI  of  the  stream  is  of  gravel,  rough  but  per- 
manent. The  ])anks  are  rocky,  wooded,  and  liable  to  overflow.  There  is  but  one 
channel  at  all  stages.  The  gage  is  read  only  when  meter  measurements  are  made, 
as  the  flow  throutrh  this  outlet  is  closely  proportional  to  the  lake  height. 

The  station  on  Phillips  I^ke  was  establishe<l  July  19,  1904,  by  H.  K.  Barrows.  It 
;>  hxated  aI>out  one-fourth  mile  west  of  I>ake  House  railroad  station.     The  gage  is  a 
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I  vertical  staff,  fastened  t<>  a  Ik) wider  on  the  east  shore  of  the  lake  about  300  feet 
iweet  of  Dr.  L.  S.  Chilcott's  cottage.  It  is  referred  to  bench  marks  as  follows: 
\  point  on  ledge  of  nx^k  east  of  the  gage,  inclosed  by  a  circle  and  nuirked  *'B. 
1;'*  elevation,  10.28  feet  above  gage  datum.  (2)  A  point  on  a  ledge  of  rock 
t  10  feet  west  of  the  gage,  inclosed  by  a  circle  and  marked  **  B.  M. — 2;**  eleva- 
11.86  feet  above  gage  datum.  This  gage  is  not  now  in  use,  as  an  additional  ver- 
staff  gage,  referred  to  the  same  datum,  was  established  on  Det^mber  6, 1904.  It 
stened  to  the  east  abutment  of  the  Maine  Central  Railroad  bridge  over  the 
h.  end  of  Phillips  Lake.  It  is  referred  to  bench  marks  as  follows:  (1)  The 
iwest  corner  of  wing  wall  at  west  end  of  bridge;  elevation,  1H.79  feet  above  gage 
m.     This  gage  is  read  once  a  week  by  H.  C.  Lord. 

description  of  this  station  and  gage  height  and  disirharge  data  are  contained  in 
?r-Supply  Paper  of  the  L'nited  States  Geological  Survey  No.  124,  pp.  52->54. 

iarge  measurements  of  Phillijts  Txtkey  northern  outlet^  at  hUi^t  Holden^  Me,,  in  1905. 


Date. 


17 

»o 

;29a 

17 

Htll 

«tl5 

mber  2 . . 
>er21 


Hydrofrrapher. 


F.  E.  Preney 

do 

do 

Pre»ey  and  Adams . . 

F.  £.  Prcwey 

Barrows  and  Preasey. 

F.  E.  Pressey 

....do 


Width. 

Feet. 

15.5 

17.0 

17.0 

12.5 

12.5 

9.3 

9.5 

6.7 


Area  of 
section. 


9.9 
11.1 
12.2 
11.5 
9.2 
8.6 
9.3 
3.0 


I 


Mt-an 

velocity. 

Qage. 
height. 

Ft.jtcrsec. 

Fett. 

2.44 

l.M 

2.45 

1.90 

2.52 

1.90 

1.87 

l.«2 

1.63 

1.77 

1.28 

1.67 

1.85 

1.74 

.60 

1.41 

Dis- 
chaise. 

See.Ji. 
H.'i 
27.2 
30.7 
21.5 
15.0 
11.0 
12.6 
1.8 


aFrom  log  across  Htream  100  feet  below  gage. 

harge  measuremeniit  of  Phillips  Lake^  southeastern  outlet ^  near  Ixtke  Hontte  railroad 
station^  Me.,  in  1905. 


Date. 


17. 
29. 
!5.. 


! 


Kydrographer. 


F.  E.  Pressey . 

do 

do 


Width. 


17 Pressey  and  Adams. . . 

«tll '  F.E.  Pressey 

:st  15 '  Barrows  and  Pressey  . 

mber  2... I  F.E. Pressey 

>er2l , do 


Fed. 


Area  of 
section. 


I 


8.0  I 
S.O 
8.0  ' 
4.0, 
2.5 
2.5  I 
.5  I 
.35  1 


19.3 
15.4 
14.3 

1.8  , 

1.19 

1.06  I 

.08  I 

.05  i 


Mi*an 
velocity. 


2.26  i 


1.83 
1.05 
.98 
.67 
.58 


Gage 
height. 


Gaffe 
height,   I      Dis- 
I  Pbiilips  .  charge. 
Lake.    I 


Fl.pfT  «c       Feet 


2.80 
2.28  I 
2. -20 
1.62 
l.:{8  I 
1.35 
1.06 
1.10  ' 


Feet,      I    Sec.  ft. 


9.40 


8.94 
8.97  ' 
8.48  I 
7.37  1 
7.20 
6.40  ' 
6.00  I 


42.7 
12.2 
11.9 
3.8 
1.25 
1.04 
.05 
.03 


1KB  165-06 i 
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Daily  gage  height ^  in  feet t  of  Phillips  Jxikej  northern  auUet^  at  East  Holden,  Me.,forim. 


Day. 


1. 
2. 
3. 
4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
16. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28.. 
29. 
30. 
31., 


Jan. 


Feb. 


1.6 

1.76 

1.6 

1.75 

1.6 

1.75 

1.6 

1.75 

1.7 

1.75 

1.7 

1.7 

1.7 

1.7 

2.7 

1.7 

2.ft5 

1.7 

2.15 

1.7 

2.05 

1.7 

1.96 

1.7 

1.95 

1.7 

1.9 

1.7 

1.9 

1.7 

1.9 

1.7 

1.86 

1.65 

1.85 

1.65 

1.85 

1.65 

1.8 

1.65 

1.8 

1.65 

1.8 

1.6 

1.8 

1.6 

1.8 

1.6 

1.8 

1.6 

1.8 

1.6 

1.8 

1.6 

1.8 

1.6 

1.8 

1.8 

1.75 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Der. 

1.6 

2.05 

1.9 

1.9 

1.86 

1.55 

1.8 

1.4 

1.7 

1.5 

1.6 

1.8 

1.9 

1.9 

1.9 

1.6-» 

1.8 

1      1.4 

1.5 

1.5 

1.6 

1.8 

1.85 

1.9 

1.9 

1.56 

1.8 

1.4 

1.5 

1.7 

1.6 

1.86 

1.95 

1.9 

1.9 

1.55 

1.8 

1.4 

1.5 

1.7 

1.6 

1.9 

1.9 

1.9 

1.7 

1.65 

1.8 

1.4 

1.5 

1.56 

1.6 

2.2 

1.95 

2.0 

1.7 

1.65 

1.4 

1.5 

1.56 

1.6 

2.2 

1.9 

1.9 

1.6 

1.8 

1.4 

1.5 

1.55 

1.55 

2.1 

1.9 

1.9 

1.5 

1.86 

1.45 

1.4 

1.55 

l.» 

1.55 

2.0 

1.9 

1.9 

1.5 

1.8 

1.4 

1.6 

1.6 

1.65 

1.9 

1.9 

1.9 

1.6    I 

1.8 

1.4 

1.56 

1.7S 

1.5 

1.9 

1.9 

1.9 

1.6    ' 

1.8 

1.4 

1.5 

l.» 

1.5 

1.9 

1.95 

1.85 

1.6 

1.8 

1.4 

1.5 

1.6 

1.8 

1.95 

1.9 

1.55 

1.8 

1.4 

1.5 

1.6 

1.5 

1.8 

1.95 

1.85 

1.65  . 

1.8 

1.4 

1.5 

1.6 

1.6 

1.8 

1.95 

1.85 

1.55 

1.8 

1.4 

1.8 

1.5 

1.6 

1.5 

1.85 

2.0 

1.85 

1.55  ' 

1.76 

1.5 

1.6 

1.6 

1.5 

1.85 

2.05 

i.a5 

1.55 

1.7 

1.4 

1.6 

1.6 

1.5 

1.8 

2.0 

1.85 

1.55 

1.7 

1.4 

1.65 

1.6 

1.55 

1.9 

2.0 

1.9 

1.55 

1.7 

1.4 

1.4 

1.5 

1.9 

1.6 

1.9 

2.0 

1.95 

1.56 

1.7 

1.4 

1.5 

1.9 

1.55 

1.85 

2.0 

1.95 

1.55 

1.4 

1.5 

1.9 

1.6 

2.0 

2.0 

1.95 

1.55 

1.8 

1.5 

2.S 

1.6 

2.0 

2.0 

1.9 

1.55 

1.9 

1.6 

1.5 

1.9 

1.6 

2.0 

2.0 

1.9 

1.55 

1.9 

1.6 

1.5 

2.0 

1.7 

2.0 

1.95 

1.9 

1.55 

1.9 

1.5 

1.4 

2.4 

1.9 

1.95 

1.95 

1.85 

1.55 

1.9 

1.6 

1.4 

2.0 

\.%^ 

1.9 

1.9 

1.9 

1.55 

1.85 

1.5 

1.4 

2.0 

1.9 

1.9 

1.85 

1.56 

1.85 

1.5 

1.4 

2.1 

1.9 

1.9 

1.86 

1.55 

1.85 

1.5 

I.  Ah 

2.1 

1.9 

1.9 

1.85 

1.55 

1.8 

1.5  1 

1.5 

2.  a 

1.9 

1.6 

1.8 

1 

1.5 



_ 

_ 







Note.— River  did  not  freeze  near  gage  during  1906. 


KENNEBEC    RIVER    DRAINAGE    BA8IN.  51 

Daily  gage  height^  in  feet,  of  Phillips  Ixike  near  East  Holden,  Me.,  for  1905. 


Day. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept.  i    Oct. 

1 

Nov. 

Dec. 

1 

9.6 

8.1 

1 

[____.. 

2 

6.4 

6.5 

3 

I 

8.7 

4 

8.8 

8.3 

j 

6.0    

5 

1 

7.6 

6 

8.9 

7.... 

6.3 

1 

8 

9.7 

8.0 

j 

9 

............. 

6.4 

7.4 

10 

8.6 

;        11 

8.8 

8.3 

6.2 

'         12 

. 

7.4 

i 

!'       18 

8.8 

; ' 1 

14 

6.2 

15 . 

9.6 

7.9 

7.2 

ie 

6.4 

7  6 

17.... 

9.4 

8.5 

;     18.... 

8.3 

8.2 

1 :: 

6.3    

^     i»,... 

7.1 

ao 

9.1 

21... 

1 

6.1 

22.  . 

9.3 

7.7 

1 

1 

28... 

' 

6.4 

7.6 

24.... 

8.2 

^.. 

8.4 

.     8.5 

9.0 

1 

6.3 

as.. 

"' 

«. 

2r>.. 

8.9 

.2^ 

•       -       1 

a.o 

3^ 

9.0 

7.6 

1 

^ 



6.3 

7.6 

*1 

. 

i 

1               1               ,               1 

"  NoTB.— February  4, 11,  gage  height  to  top  of  ice;  ice  4  inches  thick.  February  18,  25,  and  March  4, 
^o  ice  at  gage.  April  22,  ice  left  lake.  December  16, 2  inches  ice  at  gage.  December  23,  30,  no  ice  at 
^*ge. 

KENNEBEC  RIVER  DRAINAGE  BASIN. 
DESCRIPTION  OF  BASIX. 

Kennebec  River  is  one  of  the  best  streams  in  the  United  States  for  the  develop- 
^^ruent  of  water  power.  Its  basin,  which  lies  wholly  within  the  State  of  Maine, 
V)etween  those  of  Androscoggin  and  the  Penobscot,  is  150  miles  in  length  and  from 
^^0  to  80  miles  in  width  in  the  main  portion,  embracing  a  total  area  of  6,110  square 
Guiles.  Of  this  area,  1,330  square  miles  are  tributary  to  Moosehead  Lake,  in  which 
'^he  river  has  its  source.  The  upper  tributaries,  however,  rise  in  the  hilly,  forested 
^^reas  lying  to  the  east  and  west  of  that  lake.  Of  these,  Moose  River  is  the  most 
important.  The  northern  part  of  the  drainage  basin  is  broken  by  offsets  from  the 
^\V^hite  Mountains.  Nearly  the  whole  of  the  upper  portion  is  forest  covered  and  in 
^t8  original  wild  state. 

Below  the  outlet  of  Moosehead  Lake  the  hills  close  in  on  the  river,  forming  a 
^larrow,  rocky  chasm,  with  steep  and  precipitous  sides.  From  Moosehead  Lake  to 
Tlhe  Forks  the  river  is  a  torrent,  the  total  fall  in  the  23  miles  being  500  feet.  Dead 
^iver  is  tributary  to  the  Kennebec  at  The  Forks.  Below  this  junction  the  river 
Vows  with  a  leaser  slope  in  a  narrow,  winding  bed,  about  20  miles  to  Bingham; 
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thence  through  a  broader  valley  in  which  are  located  many  farms.  Between 
Bingham  and  tide  water  there  are  a  number  of  large  falls,  at  which  water  power  has 
been  developed. 

The  prevailing  rock  in  the  northern  part  of  the  basin  is  slate,  with  a  belt  of  suid- 
stone  to  the  west  and  a  district  of  granite  to  the  east  of  Moosehead.  South  of  Bing- 
ham mica-schists  run  into  the  clay  slate  in  spots  and  elsewhere  into  gneias,  bat 
(except  where  broken  by  intrusions  of  granite,  as  at  Hallo  well  and  Augusta)  slate 
prevails  as  far  as  Gardiner.  Below  the  latter  city  gneiss  predominates,  with  stretchy 
of  mica-schists  on  the  east  bank.  The  surface  materials  are  finely  pulverized. 
Water  retaining  sands  and  gravels  are  more  abun<lant  in  the  northern  part,  succeeded 
by  a  greater  proportion  of  loam  and  clay  to  the  south. 

Surveys  have  been  made  in  the  Kennebec  River  drainage  basin  by  the  United 
States  Geological  Survey  as  follows:  1903  and  1904,  plan  and  profile  of  Kennebec 
River  between  tide  water  and  Moosehead  Lake;  1906,  plan  and  profile  of  Mook 
River  lietween  Moosehead  and  Brassua  lakes,  and  above  Brassua  to  near  Little 
Brassua  Lake;  survey  for  plan  of  Brassua  Lake  and  Wood  Pond,  showing  shore 
lines,  contours  on  banks,  soundings,  etc. 

The  areas  of  the  drainage  basins  of  the  river  and  its  principal  tributaries  are  given 
in  the  following  table: 

Drainage  areas  of  Kennebec  River  and  principal  tributaries. 


River. 


Kennebec  . 
Do 

Do 

Do 

Do 


Locality. 


Outlet  of  Moosehead  Lake 

The  Forks  at  gAging  station 

Immediately  Ix'low  mouth  of  Dead  River. 
Canitunk  Falls,  Solon 


Drainafe 
area. 


Sq. 


Do. 
Do. 
Do. 
Do. 


Do 

Do 

Do 

Moose 

RoHch  

Do 

Dea*! 

Carrabasjiclt 

D. 

Sandy 

Do 

Do 

Sebastk'ook 

Messaloiiskec 

Do 

Coblx^sseecontee  . 


North  AnHon,  above  mouth  of  Carrabassett  River,  at  gaging 
station. 

Madison , 

Norridge\vcx;k 

Fairfield 

VVatervilh',  al>ove  mouth  of   Sebastic<x)k  River,  at  Holllngs- 
worth  «fc  Whitney  dam, 

Watorville,  below  mouth  of  Sebasticiwjk  River 

Augusta 

Head  of  Merrynieetiug  Bay 

Mouth  and  at  gaging  station 

Roach  Rivtr 

Mont  h 

Mouth.  The  Forks,  and  at  gagiuR  station 

N«)rth  Anson,  aln^ve  Kmbden  Rr<x)k,  at  gaging  station 

Month 

Farniington 

.\t  gaging  station 

Mouth 


do 

At  gaging  station 

Mouth 

Mouth  and  at  gaging  station. 


1,^ 
2,  MO 
2,790 
2.8S) 

3,310 
4.02P 
4.S71) 

5. 310 
5.710 
6.110 


lA' 
5T0 
340 
3^ 
350 
6oi» 
670 
938 
205 

aK 

3« 


KENNEBEC   RIVER   DRAINAGE   BASIN.  53 


KENNEBEC  RIVER  AT  THE  FORKS,  ME. 

This  station  was  established  September  28,  1901,  by  N.  C.  Grover,  at  the  wooden 
highway  bridge  across  Kennebec  River  at  The  Forks,  al>ove  the  mouth  of  Dead 
River.  Of  the  drainage  area  at  this  station,  1,330  square  miles  are  tributary  to  Moose- 
head  Lake  and  the  remaining  340  square  miles  drain  into  the  Kennebec  by  small 
streams  with  steep  slopes  and  no  storage.  Practically  all  land  surfaces  above  this 
point  are  in  forest 

The  channel  is  straight  for  200  feet  above  and  500  feet  below  the  station,  is 
unbroken  by  piers,  and  is  about  125  feet  wide  at  ordinary  stages  of  the  river.  The 
current  is  swift  at  high  and  medium  at  low  stages.  The  banks  are  high  and  rocky 
and  the  bed  is  rocky  and  permament. 

Discharge  measurements  are  made  from  the  bridge.  The  initial  point  for  sound- 
ings is  on  the  left  bank,  marked  by  a  rod  ac^ross  the  bridge,  just  above  the  abutment 
and  below  the  bridge  floor. 

There  are  two  gages — one,  a  vertical  rod,  is  attached  to  the  timber  retaining  wall 
on  the  left  bank,  about  75  feet  above  the  liridge ;  the  other  is  a  standard  chain  gage 
attached  to  the  bridge  floor.  The  length  of  the  chain  is  17.18  feet.  Gage-height 
ob8er\'ations  are  made  twice  each  day  by  William  W.  Young.  The  datum  of  the 
two  gages  is  the  same  and  is  referred  to  two  bench  marks  :  ( 1 )  The  top  of  a  bolt 
on  the  east  abutment,  north  side  of  bridge,  elevation,  12.85  feet;  (2)  marked  point 
on  the  floor  of  the  bridge,  near  the  east  end  of  the  gage  box,  elevation,  15.42  feet. 
Elevations  are  above  gage  datum,  which  is  562.85  feet  above  mean  sea  level,  as 
determined  by  the  Kennebec  River  survey  of  1904. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply 
Papers  of  the  United  States  Geological  Survey  : 

Description:  66,  p  16;  82,  pp  26-27;  97,  p  48;  124;  pp  56-57. 
Discharge:  65,  p  16;  82.  p  27;  97,  p  43;  124,  p  57. 
Discharge,  monthly:  82,  p  28;  97.  p  45;  124,  p  59. 
Gage  heights:  65,  p  16;  82,  p  27;  97,  p  44;  124,  p  58. 
Rating  tables:  82,  p  28;  97,  p  45;  124,  p  58. 

Discharge  measurement  of  Kennebec  Rh^er  at  The  Forks,  Me. ,  in  1905. 


Date. 


Hyd»H^pher.  | Width. l^„o'  \s^^^Xy\  &U 


I                                                                    I  Ftet.    j  .^.  feet.  \Ft.pcr8€€.^  Fert. 

April  21 If.  KPressey 121             660  j         1.82  j  1.90 

JtilylS I do '  119  I           620  I          1.53  j  1.53 

8epteniber4...H.K.  Barrows 123             730;         2.19  >  2.30 
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Daily  gage  height^  in  feet,  of  Kennebec  River  at  The  Fbrks,  Me.,  for  1905. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

4.25 

2.56 

2.36 

3.25 

3.3 

2.65 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec, 

1 

4.8 
4.7 
4.8 
4.8 
4.9 
4.7 
4.5 
4.2 
4.6 
4.2 
4.2 
4.3 
4.4 
4.4 
4.3 
4.4 
4.5 
4.5 
4.6 
4.5 
4.5 

6.1 
5.1 
5.2 
5.2 
5.2 
6.1 
5.1 
S.l 
6.1 
4.9 
4.7 
4.8 
4.8 
4.8 
4.7 
4.8 
4.8 

4.5 

4.0 
3.8 

2.95 

2.86 

2.6 

2.05 

1.75 

1.6 

1.9 

2.1 

2.1 

2.1 

2.26 

2.6 

2.76 

2.8 

2.8 

2.75 

2.56 

2.3 

2.05 

2.15 

1.9 

2.3 

2.4 

2.0 

2.0 

2.15 

2.55 

2.65 

2.  r.5 

2. 55 

1.4 

3.8 

2.9 

2.65 

2.56 

2.6 

2.56 

2.75 

2.9 

78 

2.7 

2.7 

2.4 

2.3 

2.3 

2.0 

1.8 

1.86 

1.9 

1.9 

1.9 

2.0 

2.0 

2.0 

2.0 

2.0 

1.9 

1.8 

1.8 

1.8 

1.8 

1.7 

1.7 

1.7 

1.7 

1.6 

1.5 

1.4 

1.5 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.56 

1.46 

1.4 

1.4 

1.5 

1.4 

1.4 

1.4 

1.4 

1.35 

1.3 

1.25 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.46 

1.55 

1.7 

1.7 

1.7 

1.6 

1.6 

1.6 

1.6 

1.5 

1.6 

1.5 

1.5 

1.5 

1.5 

1.6 

1.6 

1.5 

1.6 

1.5 

1.6 

1.5 

1.5 

1.6 

1.4 

1.4 

1.35 

1.8 

1.8 

1.15 

1.1 

1.2 

1.2 

1.2 

1.2 

1.2 

1.8 

LJ 

2 

1 1 

8 

1  3 

4 

1 

1.3 

5 

1  S 

6 

1   0 

7 

1  1. 

8 

1     1  U 

9 

1     LI 

10 

1     ^* 
'     1.1 

11             

?R 

LI 

12 

2.8 

2.8 

2.9 

2.8 

2.8 

2.8 

2.75 

2.66 

2.6 

2.6 

2.6 

2.6 

2.6 

2.86 

2.75 

2.75 

1  2 

13 

L2 

14 

18 

16 

! 

IS 

16 

1 

17 

1               1 

18 

1               1 

3." 

19 

1 

20 

4.9 

3.6 

3.5 

3.5 

3.6 

3.6 

3.4 

2.55 

2.3 

2.35 

2.25 

2.0 

2.3 

21 

22 

1 

23 

4.6 
4.9 
4.9 
4.9 
5.0 
5.0 
6.0 
5.0 
5.0 

4.7 

1 

24 

; 

25           

S,4 

26 

27 

1 

28 

2.75 
2.75 

29 

30 

2.7 
2.7 

31 

Note.— Ice  conditions  Jariimry  1  to  Man^h  26  and  December  16-31:  January  24,  gage  reader  esti- 
mates backwater  effect  of  0.2  toot  due  to  ice;  channel  opiMi  80  feet  wide  at  the  gage.  Januarv'Jd. 
channel  open  about  10  feet  wide  at  the  gage.  February  1,  river  frozen  over  at  the  gage.  Most  of  th* 
ice  went  out  during  the  week  of  March  20-26.    December  IS,  rise  in  river  due  to  anchor  ice;  estim«t«d 

?:age  height,  2.1  feet.   During  frozen  period  gage  heights  are  to  the  surface  of  the  water  in  a  hole  cul 
n  the  ice.    The  following  comparative  readings  were  taken: 


Date. 


February  21 
February  24 
March  3  . . . . 
March  11  ... 
Marcli  18  ... 
December  18 
December  25 


Water 

Top  of 

surface. 

ice. 

Feet. 

Feet 

4.9 

4.9 

4.7 

4.7 

4.5 

4.1 

4.0 

4.2 

3.8 

3.8 

3.7 

3.7 

3.4 

3.4 

Thick- 
ness of 


0.2 


.9 
1.0 
1.0 


From  about  May  1  to  July  31  considerable  fluctuations  in  gage  heights,  amounting  to  from  2  to  over 
5  feet,  rK'cur  daily',  due  to  the  regulating  of  the  flow  at  Indian  Pond  dam  for  the  purpose  of  log  driv- 
ing. The  moniing  and  evening  records  obtained  by  the  observer  represented  the  maximum  an<l 
minimum  heights  of  each  day  during  this  periwl  as  well  as  could  be  determined.  The  range  of  the 
morning  readings,  May  7  to  July  31,  was  4.0  to  7.6  feet,  and  of  the  evening  readings  1.6  to  2.6  feet. 
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0Statiofi  ralinif  Utlde  for  Kennebec  River  at  The  ForkSy  Me.y  from  January  1  to  December 

31,  1906. 


Gtige 
height 

height  ^^-^^'^nre.. 

Gage 
height. 

Discharge. 

i  ,«X     Di^charKe. 

FecL 

Second-feet. 

Feet.      Seamd/ect. 

Feii.     -St-cond-feet. 

Frti.     1  Second'/eet. 

1.10 

830 

2.U0             1,305  1 

2.90 

2.325 

3.80 

3,825 

1.20 

695 

2.10              1,395 

3.00 

2,470 

4.00 

4,220 

1.90 

765 

2.20              1.490 

3.10 

2,620 

4.20 

4,635 

1.40 

835 

2.30  '            1.590 

3.20  '           2,775 

4.40 

5,070 

1.50 

910 

2.40 

1,700 

3.30  ;            2,935 

4.60 

5,585 

1.60 

985 

2.50 

1,815 

3.40              3,100 

4.80 

6,020 

1.70 

1.060 

2.60  ■            1,936 

3.50              3,270 

5.00 

6,525 

1.80 

1,140 

2.70             2,060 

3.60              3,450 

1 

1.90 

1,220 

2.80             2,190 

3.70              3.635 

NoTK.— The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  on  13  discharge 
measurements  made  during  1901-1905.  It  is  well  defined  between  gage  heights,  1.1  feet  and  6  feet 
The  extension  above  5  feet  is  based  on  the  extension  of  the  area  and  velocity  curves,  the  latter  being 
determined  by  means  of  tables  based  on  Kutter's  formula. 


Eftimated  monthly  discharge  of  Kennebec  River  at  The  Forks,  Me.,  for  1906, 
[Drainage  area,  1,670  square  miles.] 


Month. 


March  26>31... 

April 

Maya 

Junea 

July  a 

August 

September 

October 

November 

December  1-15, 


Discharge  in  second-feet. 


Maximum. 


1,875 
2.400 
6,700 
8.330 
5,310 
2,935 
2,060 
1,060 
985 
766 


Run-off. 


Minimum. 

Mean. 

1,305 

1,591 

985 

1,666 

1,645 

4,330 

4,780 

5,408 

2,980 

4,065 

836 

2,067 

835 

1,248 

695 

864 

630 

838 

630 

717 

Second-feet  pjh , 


0.953 
.998 
2.59 
3.24 
2.43 
1.24 
.747 
.517 
.502 
.429 


0.213 
1.11 
2.99 
3.62 
2.80 
1.43 
.888 
.69j3 
.560 
.239 


a  The  mean  daily  discharge,  May  7  to  July  31,  was  computed  by  averaging  the  discharges  as  applied 
to  the  morning  and  evening  gage  neights,  taking  account  also  of  the  relative  length  of  the  high  and 
lov7  water  penoda. 
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KENNEBEC:  RIA^ER  NEAR  NORTH  ANSON,  MIR. 

This  Ptation  was  establiflhed  October  18,  1901,  by  N.  C.  Grover.  It  is  located  1} 
miles  east  of  North  Anson,  above  the  mouth  of  Carralmssett  River. 

The  channel  is  straight  for  500  feet  above  and  1,000  feet  below  the  station,  and  has 
a  width  of  about  .'J50  feet,  broken  by  one  pier.  The  current  is  swift  at  high  ttage? 
and  mo<lerately  rapid  at  low  stages,  except  near  the  left  bank.  The  right  bank  b 
high  and  rocky.  The  left  bank  is  comparatively  low  and  subject  to  overflow  at  the 
time  of  highest  water.  The  bed  of  the  stream  is  rocky,  with  sand  over  a  portion  of 
the  section,  and  is  permanent. 

Discharge  measurements  are  made  from  the  wooden  highway  bridge  across  the 
Kennebec,  known  locally  as  Patterson  Bridge.  The  initial  point  for  soundings  is  on 
the  left  bank,  at  the  outside  of  the  end  iK)st  of  the  center  truss  of  the  bridge.  Low- 
water  measurements  are  made  from  a  l)oat  about  1,000  feet  below  the  station,  tta 
section  where  there  is  a  better  distribution  of  current. 

Gage  readings  are  made  twice  each  day  by  Mrs.  C.  8.  Benjamin,  the  toll  collector 
at  the  bridge.  There  are  three  gages— one,  for  ordinary  stages,  is  a  vertical  rod 
fastened  to  the  bridge  pier;  another,  for  high-water  observations,  is  a  vertical  rod 
attacheii  to  the  right  abutment;  the  thinl,  for  low-water  stages,  is  a  standard  chain 
gage  attache<l  to  the  wooden  truss  on  the  upstream  side  of  the  bridge.  The  length 
of  the  chain  was  30.40  feet  when  the  gage  was  established,  but  changred  to  30.36  feet 
July  26,  19(H,  and  to  30.28  feet  July  19,  1905,  owing  to  settling  of  the  bridge.  The 
gage  datum  is  241.24  feet  above  mean  sea  level,  as  determined  by  the  Kennebec  River 
survey  of  1904.  The  datum  of  the  three  gages  is  the  same  and  is  referred  to  four 
bench  marks,  as  follows:  (1)  Top  of  pier  bick  of  the  gage;  elevation,  22.50  feet 
(2)  Top  of  the  southeast  comer  of  tlie  twelfth  stone  from  the  top  of  west  abutment; 
elevation,  9.55  feet.  (3)  Copi)er  bolt  in  l>owlder  on  right  bank  about  100  feet  above 
the  bridge;  elevation,  10.66  feet.  (4)  Marked  point  on  the  bottom  chord  of  the 
bridge  near  the  chain  gage;  elevation,  25.15  foi't  originally;  change<l  to  25.03  ft-et 
July  26, 1904,  and  to  24.91  feet  J    :y  19,  1905.     Elevations  refer  to  datum  of  the  gage. 

Information  in  regard  to  th:  station  is  containe<l  in  the  following  Water-Supply 
Papers  of  the  Ignited  States  G.^jlogical  Survey: 

Des<:ription:  65.  pj.  16-17;  H2.  pp  2H-29:  y7,  pp45-4fi;  124,  pp  o»-60, 

Dist'hargo:  65.  p  17;  82,  p  29;  97,  p  iiV.  124.  ])  60. 

Discharge,  moiitiily:  97,  p  48;  124,  p  62. 

(Jagc  heights:  6.\  p  17;  82,  p  29;  97.  p  47:  124,  ]>  61. 

Rating  Uible:  97.  p  47;  124,  p  62. 

IH.'frhdn;*'  meajiureitu'ntf<  of  Knuwhtc  Jltver  near  North  Aii»oj\,  }ff.,  in  190.5, 


\hiW.                               Hy<ln)grjiph 

er. 

—     — 

1  _  _  _    

Fat,       S^i.jWt. 
4r»8         l.:w» 
4.>8           1,390 
\m           2,150 
295  I         l.WiO 
277  j         1.460 

ice  at  gage,  2.65  ft 

Mean 
veloi'ity. 

height. 

Ftrt. 
5. 27 
5. 82 
4.26 
a.  72 
2.  '.\0 

ge  thickr 

l)i«- 
chargf. 

t 
February  9 '«         Barrows  and  Norcross 

Ft 
ct. 

prrtfcc. 
1.50  ' 

i.9r>, 

.90 
A  vera 

Scr.-ftrt. 
2  IW' 

February  9'« «lo 

April  19 F.  E.  Pressey 

July  20 do 

October  27 do 

2. 1  HI 
5.1M1 

l,:>-"ii 

'MiHgf  liri^lit  to  top  «»f  ice.  .'(.42  feet, 
at  measuring  section,  2  feel. 

Thi( 

^kness  of 

»e^  of  ice 
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^ily  gage  height^  in  feet  ^  of  Kennebec  River  near  Xorth  Anson  ^  Me.,  for  1905. 


ly. 


Jan.      Feb.     Mar.      Apr.     May.   June. 


July.     Aug. 


Sept.      Oct.     Nov. 


6.S5      5.25 


5.65  I 


1 

5.25 

! 

j 1 

1 1 

i 

4.9 

4.95 

1 

1 

R  FA  i 

1       1 

; 

, 

5.15 

4.<» 

:::::::::::::::::;::;. ::::::: 

i    5.66 

1 

1              1 

1             ! 

1 

5.45 

... 

5.15 

' 

6.8 

5.56 

6.9 

7.9 

8.45 

8.95 

I 


9.45 

8.55 

8.95 

9.4 

8.4 

8.1 

8.9 

9.26 

! 

1 

8.5 

7.0 

' 

5.35 

1 

5.5 

1                                   ! 

5.5 

j                 1 

4.9 

■ 1 

5.05 

4.9 

4.65 

,                 '                  I 

1 1 ' 

i ■ i 

4.5 

1                 1 

4.3 

1 

4.8 

4.35 

1 1 

4.95 

4.65 

4  7 

!     ..  !     .   ■ 

4.76 

t                                  . 

4.4 

J               .            .    .' 

4.95 

! 

47 

1       .      1 

4.9 

1 1 

4.95 

1 

2.96 

3.45 

4.15 

3.45 

3.3 

3.2 

3.3 

3.35 

3.4 

3.85  I 

3.35  i 

3.3  I 
3.3 

3.4  ! 
3.45 
3.45 
3.35 
3.56 
8.5 
3.4 
3.2 
3.05 
3.05 
2.96 
2.96 
3.15 
2.7 
2.4 
2.7 
3.35 
3.2 


3.25 

3.2 

2.95 

2.96 

3.1 

3.06 

2.95 

2.9 

2.75 

2.75 

2.65 

2.55 

2.6 

2.5 

2.55 

2.65 

2.4 

2.7 

2.75 

2.75 

2.85 

2.8 

2.7 

2.6 

2.5 

2.35 

2.35 

2.3 

2.3 

2.3 


2,3 

2.3 

2.8 

2.3 

2.3 

2.25 

2.1 

2.1 

2.1 

2.1 

2,1 

2.1 

2.05 

2.0 

2.0 

2.1 

2.06 

2.1 

1.95 

1.9 

1.9 

1.9 

2.0 

1.96 

2.0 

2.06 

2.25 

2.2 

2.25 

2.3 

2.2 


2.2 
2.25 
2,15 
•2.3 
•>  o 


Dec. 


3.65 


I- 


2.3  ; 

2.3 

•2.3     I 

2.35  i 

2.25  ■ 

2.2    I 

2.2    j 

2. '25 

2.2 

2.15 

2.4 

2.8 

2.1 

1.95 

2.1 

2.0 

2.0 

2.1 

2.1 

2.15 

2.3 

2.45 

2.7 

2.96 


3.45 


3.35 
3.85 
3.*45 


5.65 


5.75 


.—River  frozen  January  1  to  about  March  27,  when  river  was  probably  clear  of  lee.  Also  ice 
ons  December  1-31:  the  river  being  closed  with  the  exception  of  chaunelfl  in  each  span,  which 
»robably  open  during  the  whole  month.  Gage  heights  December  18,  22,  and  28  probably 
1  by  backwater  from  anchor  ice.  During  frozen  period  gage  heights  arc  to  the  surface  of  the 
n  a  hole  cut  in  the  ice.    The  ice  thickness  was  measured  as  follows: 


Feet. 
..  1.9 
1.2 


y7 

yi4 

y21,  28,  February  4 2. 

Ty8,  11, 18 2.2 

xy  25,  March  4 2.4 

11 2.3 


Feet. 

March  18 2.7 

M  a  re  h  25 2.5 

December  9 4 

December  16, 17 6 

December  18,  22 7 

December  28 1.0 


tnations  in  the  gage  heights  occur  from  about  May  1  to  July  31,  as  at  The  Forks,  but  in  le.«« 
1  degree.    (See  note  to  gage-height  table,  Kennebec  at  The  Forks,  p.  54.) 
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Station  rating  table  for  Kennebec  River  near  North  Amton,  Me,,  from  January  1  to  Decem- 
ber SI,  1905. 


Gage 
height. 

Discharge. 
Second-feet. 

Gaffe 
height. 

Discharge. 

Gage 
height. 

Discharge. ! 

Gage 
height. 

F)xt. 

Discharge.  | 

Feet. 

J^et. 

Second-feet. 

J^et. 

1 
Second-fed. 

Second-feet. 

1.90 

990 

2.90 

2,184 

i        3.90 

4,169    , 

4.90 

6,532 

2.00 

1.080    ' 

3.00 

2,450 

1        4.00 

4,385 

5.00 

6.790    1 

2.10 

1,182 

3.10 

2,621 

4.10 

4.606 

5.20 

7,316 

2.20 

1,294 

3.20 

2,797 

4.20 

4.K32 

5.40 

7,868 

2.80 

1.415 

3.80 

2,978 

4.30 

5.062 

5.60 

8,415    j 

2.40 

1.544    < 

3.40 

3,164 

4.40 

5,297 

5.80 

8,984    1 

2.50 

1.680 

3.50 

3,355 

4.50 

5,536 

6.00 

9,565    1 

2.60 

1,822 

3.60 

3,551 

4.60 

5,779    1 

1 

2.70 

1,970 

3.70 

3, 752 

4.70 

6,026 

1 

2.80 

2.024 

3.80 

-3.958 

4.80 

6,277 

NOTS.— The  above  table  is  applicable  only  for  open  channel  conditions.  It  is  based  on  Ave  dis- 
charge measurements  made  during  1904-5  and  the  form  of  the  1904  curve.  It  is  well  defined  between 
gage  heights  2.3  feet  and  5  feet. 

.   Estimated  monthly  discharge  of  Kennebec  River  near  North  Anson,  Me.,  for  1905. 
[Drainage  area,  2,880  square  miles.] 


Month. 


March  27-31 . 

April 

Maya 

Junea 

Julya 

August 

September. . . 

October 

November . . . 


Discharge  in  second-feet. 


Maximum.;  Minimum. 


■| 


18,840 
20.480 
12,000 
9,890 
9,110 
4,720 
2,885 
1,415 
2. 26.'> 


11,970 
5,060 
6,  WO 
5,23(> 
2.380 
1,.>44 
1.415 
990 


Mean. 


15,140 
10.180 
8,704 
7,050 
5,481 
2,8% 
1.970 
1,205 
1,385 


Run-off. 


Second -feet 

perrauare 

mile. 


5.26 
8.53 
3.02 
2.45 
1.90 
1.01 
.684 
.418 
.481 


I 


Depth  In 
inches 


0.97X 
S.»4 
3.48 
2.7S 

2.19 

l.U 

.763 

.4SJ 

..S37 


«From  May  1  to  July  31,  (luring  the  log-driving  sea.s<>n.  the  discharge  is  a  mean  of  the  dlHcharert 
corresponding  to  gage  heights  of  the  high  and  low  daily  in^riods,  considering  each  period  as  lasting 
twelve  hours. 


kenxp:bec  iiivEii  at  avatkrvillk,  me. 

The  only  long-c()ntinue<l  observ^ations  of  t  he  flow  of  the  Kennebec  are  those  which 
have  been  made  at  Waterville  by  the  Hollinggworth  t<:  Whitney  Company,  which 
kindly  furnishes  the  results  for  publication.  The  works  of  that  company  are  above 
the  mouth  of  Sebasticook  River.  C)l)servations  are  made  at  12  o'clock  noon  of  each 
day,  that  hour  having  been  cliosen,  after  investigation,  as  a  time  when  the  flow  is 
least  affected  by  storage  at  dams  upstream  and  as  giving  most  nearly  the  average  for 
the  day. 

When  the  flow  of  the  river  is  less  than  3,500  second-feet  the  whole  amount  is 
diverted  through  the  water  wheels  of  the  mill,  of  which  there  are  48.  Water  in 
excess  of  the  above  amount  is  wasted  over  the  dam.  All  the  wheels  have  l>een 
tested  at  Holyoke  under  practically  the  same  head  as  used  at  W^aterville.  Discharge 
curves  for  the  wheels  and  for  overflow  of  the  dam,  lK)th  with  and  without  flash- 
boards,  were  constructed  several  years  ago  by  Sumner  Hollingsworth.     Eetimates  of 
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daily  flow  are  made  by  means  of  these  diagram?.  The  leakage  through  the  crib 
dam  has  never  been  measured,  but  100  second-feet  are  added  arbitrarily  to  cover 
this  item. 

Information  in  regard  to  this  station  is  contained  in  the  following  publications  of 
the  United  States  Geological  Survey  (Ann= Annual  Report;  W8= Water-Supply 
Paper): 

Description:  Ann  20  *iv^.  PP  64-65;  WS  27.  p  9;  35,  p  25;  47.  p  29;  82.  p  ?0:  97,  pp  48-49;  124,  pp  02-63. 

Discharge:  Ann  19,  iv,  p  72. 

Diflch&rge,  daily:  WS  27,  pp  11-14;  35.  p  26;  47,  p  80;  82,  pp  30-31;  97,  p  49;  124.  p  63. 

Discharge,  monthly:  Ann  19,  iv,  pp  75-78;  20,  iv,  p  65;  21,  iv,  p  52;  22.  iv,  p  57;  WS  82.  pp  31-32. 

Discharge,  yearly:  Ann  20,  iv,  p  46. 

Hydrographs:  Ann  19,  iv,  pp  72,  73,  74:  20,  iv.  p  65;  21.  iv,  p  53;  22;  iv,  p  58. 

Rainfall  and  run-off  relation:  Ann  19,  iv,  p  74. 

Daily  discharge,  in  second-feet,  of  Kennebec  River  at  WateriiUe,  Me.,  for  1906. 


Day. 


Jan. 


1 2.116 


2. 
8. 
4. 

6. 

6 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
16. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 


80. 
81. 


2,256 
3,421 
2,847 
2.737 
2,546 
2,872 
2,094 
3,099 
3,912 
3,659 
4,182 
3.915 
3,623 
2,317 
8,642 
8,106 
3,425 
3,108 
8,099 
8,324 
2,296 
8,664 
2,766 
2,826 
2,849 
8,145 
8,480 
1,881 
8,700 
8,160 


Feb.     Mar.  |    Apr. 


3.366 
3.126 
3,422 
2,868 
2,123 
8,226 
2,956 
2,569 
2,566 
2,484 
2,663 
1,859 
8,168 
2,476 
2,638 
2,648 
2.570 
2,646 
1,842 
3,088 
2,547 
2,641 
2,545 
2,629 
2,811 
1,200 
8,119 
2,620 


2,646 

2,532 

I  2,866 

'  2,521 

.      714 

j  2,815 

I  2,202 

2,431 

2,257 

2,566 

2,541 

2,278 

2,855 

2,530 

2,273 

2,206 

2,245 

2,247 

1,653 

2,561 

2,615 

2.849 

3,361 

3,447 

3,701 

3.349 

13,260 

15,245 

20,950 

21,365 

|26,230 


32,125 

22,278 

16,278 

14,471 

10.861 

11,303 

25,678 

19.498 

15,715 

12,342 

12,391 

15.260 

15,780 

27,954 

11,928 

14,340 

11,456 

12.690 

7,065 

6,291 

7,486 

10,164 

12,934 

11.205 

7,878 

8,294 

7,081 

8.881 

8,901 


May. 


10,038 
13.593 
8,680 
7,113 
12,907 
18,324 
11,542 
10,645 
10,425 
10.923 
11,251 
9,696 
8,440 
9,109 
9,559 
8,699 
10,196 
11,441 
14,315 
14,279 
9,711 
8,788 
10, 174 
11,269 
8.408 
11,298 
10,583 
10,120 
8,241 
8,153 
8,202 


June. 

6,501 
7,755 
6,597 
6,102 
8,371 
7,113 
7,480 
5,123 
6,815 
6.026 
6,119 
6,780 
7,333 
9,251 
8.493 
7,386 
6,071 
5,548 
5,881 
6,678 
6,108 
7,433 
6,678 
6,325 
5.109 
6,017 
6,633 
6.739 
6,672 
5,845 


July. 


5,276 
5,040 
5,450 
8,591 
7,564 
6,363 
5.962 
5,422 
3,434 
4,937 
4.836 
5,024 
5,015 
4,948 
4.864 
3,803 
5,025 
4,298 
4.676 
5,002 
5,301 
3,969 
2,814 
3,997 
3,618 
3,372 
3,828 
3,308 
3,473 
1,491 
3,986 


Aug. 


5,114 
4,108 
4,401 
4,018 
3.496 
2,030 
3,962 
2.940 
3.133 
3,397 
2,810 
3.048 
100 
3,909 
3,036 
3,310 
3.315 
3.822 
2,819 
2,642 
3.653 
3,344 
3,3?2 
2,998 
2,922 
2.955 
1,528 
3,635 
3,087 
3,054 
3,161 


Sept. 


3,077 
2.466 

100 
3,863 
3,912 
4.603 
4,350 
4.015 
3,904 
2,348 
3,696 
3,071 
3,055 
2,813 
2,990 
2,998 
1,828 
2,466 
I  3,616 
4,286 
2,936 
3,663 
3,987 
1,370 
3.636 
3.169 
2,802 
2,603 
2,206 

142 


Oct. 

2,390 
2,206 
2,433 
2,086 
1,852 
1,598 
2.143 

100 
1,813 
2,089 
2,229 
1,879 
1,875 
i  1.681 

141 
I  2.478 
I  2,428 
2,432 
2.351 
1,817 
1,836 

100 
1,118 
1,555 
2,397 
1,903 
1,687 
1.936 

100 
1,645 
2,464 


Nov. 


Dec. 


2,113 
2,252 
1,965 
1,962 
100 
1,960 
2,867 
2.890 
3,067 
3,113 
2,813 
1,825 
3,069  " 
2,514  I 
2,810 
1,957  , 
2,011 
2,840 
1,838 
2,840 
2,243 
2,390 
1,913 
1,983 
1,450  j 
1,216 
3,452  . 
2,843  ' 
2,647 
2,378  I 


2,809 
2,524 
1,485 
2,814 
3.932 
3,066 
3,133 
2,784 
2,835 
1,202 
2,499 
2,197 
1,639 
1,735 
1,786 
1,520 
1,166 
1,308 
1,827 
1,690 
1,713 
2.221 
1,748 
914 
2,060 
1,930 
1,996 
2,025 
2.620 
2,062 
1,212 
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Estimated  monthly  discharge  of  Kennebec  Riv^r  at  WalerviUe^  Me,,  for  1905. 
[Drainage  area,  4,380  square  mileft.] 


Discharge  in  Hecond-feet. 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Maximum. I  Minimum, 


4,182 
3,422 
26,230 
32,120 
18,320 
9,251 
8,591 
5,114 
4,603 
2,484 
3,452 
3,932 


:'2. 120 


1,831 

1,200 

714 

6,291 

7,113 

5,109 

1,491 

100 

100 

100 

100 

914 


100 


Mean. 

3,082 
2,630 
5,249 
13,500 
10,520 
6,699 
4,668 
3,198 
2,974 
1,767 
2,306 
2.063 


4,8 


Run-off. 


0.704 

.600 

1.20 

3.08 

2.40 

1.53 

1.07 

.730 

.679 

.408 

.526 

.471 


1.12 


0.812 

1.38 
3.44 
2.77 
L71 
1.23 

.m 

.7» 
.465 
.587 
.543 


15.11 


MOOSE  lUVER,  NEAR    ROCKWOOD,  ME. 

This  station  was  established  September  7,  1902,  by  N.  C.  Grover.  It  is  located  4 
miles  west  of  Kineo,  Me.,  near  the  village  of  Rockwood,  and  2  miles  from  the  mouth 
of  the  river.  Water  is  stored  by  dams  at  the  outlets  of  several  of  the  lakes  and  ponds 
in  the  basin  above,  but  all  of  such  stored  water  is  used  for  log  driving.  The  stage  of 
the  river  changes  very  slowly  after  the  end  of  the  log-driving  season.  Practically  all 
of  the  land  areas  in  this  basin  are  in  forest 

The  channel  is  straight  above  and  below  the  station,  and  is  about  220  feet  wide  at 
ordinary  stages.  The  banks  are  high  and  rocky;  the  bed  of  the  stream  is  rooky  and 
permanent;  the  current  is  swift  at  high  and  medium  at  low  stages. 

Discharge  measurements  are  made  from  a  car  suspende<l  from  a  steel  cable  or  by 
wading  at  low  stages  a  short  distance  downstream.  The  initial  p>oint  for  scjundings 
is  on  the  right  bank,  1  fcM>t  from  a  birch  tree  to  which  the  cable  and  tag  line  are 
fastened. 

Gage  rea<lingH  are  made  twice  each  day  by  Peter  Callaghan.  A  standard  chain 
gage  is  attached  to  trecH  on  the  bank,  and  is  referred  to  bench  marks  as  follows: 
( 1 )  Copper  bolt  in  bowlder  8  feet  from  corner  of  houj?e  of  Peter  Callaghan;  elevation, 
14.58  feet.  (2)  Highej^t  point  of  large  bowlder  on  right  bank  150  feet  below  the 
cable;  elevation,  5.75  feet.     Klevations  refer  to  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply 
Papers  of  United  States  (Geological  Survey: 

Desoription:  82,  p  36;  97,  pp  49-50;  124,  p  64. 

Discharge:  82,  p  36;  97,  ]>  r*. 

Gage  heiRhts:  82,  p  36;  97,  \y  50;  124,  p  64. 

JHscharye  meatmreinenU  of  Mrmse  River  near  Rockwood,  Me.,  in  1905. 


Date. 


Hydrographer. 


May  21  .. 
July  10  .. 
Aug.  14'«. 
Nov.  2^.. 
Nov.  10  b. 


Barrows  and  I'ressey. 
1'res.sey  and  Adams.. 

II.  K.  Barrows 

F.  E.  Prcsscy 

do 


Fcft 
253 
232 
110 
107 
121 


Area  of 
.section. 

Mean 
velfxjity. 

Gage 
height. 

1,400 

ll.pcr  sec. 
2.47 

Fart. 
6.41 

700 

1.36 

8.58 

170 

1.65 

2.02 

88 

1.26 

1.56 

114 

1.41 

1.72 

Dis- 
charge. 


Sec.-JccL 
3,460 
950 
280 
111 
161 


aBy  wudiug  200  feet  below  eab\e. 


b^'j  NNft,d\tv^  150  feet  below  cable. 
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Daily  gage  height,  infeety  of  Moose  River  near  Rochjooody  Me.,  for  1906. 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

2.55 
2.5 
2.4 
2.4 
2.8 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.15 
2.1 
2.1 
2.1 
2.1 
2.05 
2.0 
2.0 
2.0 
2.0 
2.0 
-  2.0 
2.0 
2.0 
2.1 
2.1 
2.0 
2.0 
2.0 

Sept. 

2.0 
2.0 
2.0 
2.0 

2.1 

2.1 

2.1 

2.05 

2.0 

2.0 

2.0 

2.0 

1.9 

1.9 

1.8 

1.8 

1.85 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.8 

1.8 

1.8 

Oct. 

1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.7 
1.7 

1.7 

1.6 

1.7 

1.7 

1.7 

1.7 

1.6 

1.6 

1.6 

1.6 

1.7 

1.7 

1.65 

1.6 

1.6 

1.6 

1.6 

1  6 

1.6 

1.5 

1.5 

Nov. 

1.5 

1.6 

1.6 

1.55 

1.6 

1.6 

1.65 

1.7 

1.7 

1.7 

1.7 

1.7 

1.7 

Dec. 

1                

5.95 

5.96 

6.a5 

6.2 

6.3 

6.45 

6.6 

6.7 

6.86 

6.85 

6.9 

6.85 

6.7 

6.6 

6.85 

6.1 

5.8 

5.7 

6.0 

6.6 

6.6 

6.85 

6.15 

5.9 

6.75 

5.45 

5.56 

6.46 

5.3 

5.4 

5.05 

4.6 

4.4 

4.55 

4.55 

4.75 

4.6 

4.5 

4.65 

4.9 

5.15 

6.0 

5.2 

5.1 

5.1 

4.7 

4.65 

4.7 

4.6 

4.6 

4.6 

4.6 

4.55 

4.45 

4.4 

4.3 

4.3 

4.3 

4.26 

4.2 



4.05 

4.06 

4.1 

4.1 

4.1 

4.0 

3.85 

3.7 

3.6 

3.5 

3.4 

3.35 

8.25 

3.2 

8.1 

3.05 

8.0 

3.0 

2.96 

2.86 

2.8 

2.8 

2.7 

2.7 

2.6 

2.6 

2.6 

2.6 

2.6 

2.6 

1.8 

2     

1.8 

3 

4.2 

4.45 

4.7 

4.95 

5.0 

5.L5 

5.25 

1.8 

4 

1.9 

5 

1.9 

6 

1.9 

7                

1.9 

8 

1.9 

9. 

1.9 

10 

2.0 

11 

5.3 

5.4 

5.5 

6.65 

6.8 

5.85 

5.8 

6.45 

6.2 

6.15 

6.15 

5.25 

6.3 

5.85 

5.86 

6.35 

5.45 

6.6 

5.8 

6.9 

2.0 

12  

2.0 

13 

2.0 

14 

2.0 

15 

2.0 

16 

2.0 

17 

1.8 
1.8 

;:; 

1.7 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 

2.0 

18 

2.0 

19 

1.9 

20 

1.9 

21 

1.9 

22 

1.9 

28 

1.9 

24 

1.9 

26 ... 

1.9 

26 

27 

1.9 

28 

1.9 

29 

1.9 

90 

1.9 

31 

1  9 

NOTB.— River  frozen  January  1  to  April  2. 
water,  due  to  ice. 


November  14-16,  gage  heights  omitted,  owing  to  baok- 


Station  rating  table  for  Moose  River  near  Rockwoody  Me.^  from  September  ^,  1902,  to 

December  SI,  190^. 


Gage 
height. 

Dlacharge. 

Feet. 

Second-feet. 

\TS50 

70 

1.40 

88 

1.60 

108 

1.60 

130 

1.70 

164 

1.80 

180 

1.90 

208 

2.00 

238 

2.10 

270 

2.20 

303 

2.80 

388 

2.40 

375 

Gage 
height. 

Feet. 
2.50 
2.60 
2.70 
2.80 
2.9U 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 


Discharge. 


SrcoTuI/tet. 
414 
454 
496 
589 
584 
631 
681 
733 
788 
846 
906 


heiX.  ;»'■«"""«*■■ 


Fei:l.      S€cond-Je*:t. 


3.70 
3.80 
3.90 
4.00 
4.10 
4.20 
4.») 
4.40 
4.50 
4.60 
4.70 
4.80 


1,032 
l.OW 
1,166 
1.236 

i,;so« 

1,382 
1, 4.'»9 
1.538 
1,620 
1,708 
1,788 
1,875 


heigln. 

Discharge. 

Fert. 

Second-fed. 

4.90 

1,964 

5.00 

2.055 

5.20 

2,240 

5.40 

2,432 

5.60 

2,629 

5.80 

2,830 

6.00 

3,035 

6.20 

3,245 

6.40 

3,455 

6.60 

3,670 

6.80 

3,890 

7.00 

4,110 

Note.— The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  10  d  . 
'  I  made  during  1902-1906.    It  is  well  defined  between  gage  heighta  l.(^  l«Q^«aEA^&' 
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Estimated  monthly  discharge  of  Moose  Hirer  near  Rockwood^  Me.,  for  190e'I905. 
[Drainage  area,  680  square  miles.] 


September  4-SO. 

October 

November. 

December 


Month. 


1902. 


January  1-10 

March  21-31  ... 

April 

July  7-31 

August 

September 

October 

November 

December  1-16. 


April  10 -80. 
May 


June  (27  dajrs) . 

July 

August 

September 

October 

November 

December  1-10. 


1908. 


1904. 


190f>. 


April  3-30 

May 

June 

July 

AUgUHt 

September 

October 

November  1-13,  17 
Dfcemher . 


Discharge  in  nccond-feet. 

Run-off. 

Maximum. 

Minimum. 

Mean. 

Second-feet 

per  square 

mile. 

Depth  in 
incheei 

1,098 

376 

682 

1.00 

1.00 

1,703 

733 

919 

1.35 

1.56 

1,708 

968 

1,237 

1.82 

2.08 

906 

539 

652 

.959 

1.11 

539 

454 

613 

.764 

.280 

4,628 

2,679 

3,874 

5.70 

2.  S3 

4,055 

2.432 

3.061 

4.60 

5.02 

496 

375 

454 

.668 

.621 

631 

270 

462 

.679 

.7W 

303 

98 

184 

.271 

.302 

130 

88 

101 

.149 

.1T!I 

180 

88 

131 

.193 

.215 

IM 

88. 

124 

.182 

.107 

8,140 

154 

1,492 

2.19 

1.71 

6,500 

1,920 

4,026 

5.92 

6.82 

2,194 

1,236 

1,646 

2.42 

2.43 

1,906 

338 

704 

1.04 

1.20 

454 

254 

858 

.526 

.606 

1,538 

303 

801 

1.18 

1.32 

2,055 

1,032 

1,420 

2.09 

2.41 

1,000 

451 

649 

.964 

1.06 

454 

3a3 

370 

.544 

.202 

2.932 

1,382 

2,353 

3.46 

3.60 

4,000 

2,102 

3.189 

4.69 

5.41 

2. 241) 

1,;W2 

1,742 

2.  .56 

2.S6 

1,308 

4M 

795 

1.17 

1.S5 

AM 

238 

2X1 

.422 

.4»6 

270 

180 

220 

.324 

.362 

IHO 

108 

147 

.21« 

.249 

180 

108 

158 

.  232 

.'233 

23M 

IH) 

2n 

.315 

.3h3 

N<»TE.— River  frozen  January  11  to  March  20  an<l  De'-embt-r  17-31.  1903;  January  1  to.\pril9Hnd 
DtH^emlK-r  11-31.  1901:  January  1  to  Ai>ril  2.  1905.  .Alnne  i"-tiniaies  for  19(W  an<l  1901*  do  not  apply  to 
the  K^KC  height.s  puhlihhed  iii  ihe  1903  and  1904  reiK)rt,*'.  as  there  was  an  uneorreeted  gajfe  in  thcjse 
years;  1905,  discharge  interpolated  on  day.s  when  gage  heights  were  not  read,  except  Novem- 
ber 14-16. 


KENNEBEC    RIVER   DRAINAGE    BASIN. 
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MISCELI.ANEOUS  HISC^AHGE  MEA81TREMENTS  IN  MOOSE  RIVER  BASIN. 

The  following  miscellaneous  <lisi;harge  tueasiirements  were  made  in  the  Mooee 
River  basin  in  1905: 

AfiscfUaMOtu  discharge  nieaguremerU^  made  in  yfoose  River  drainage  basin  in  1905, 


I''*--   X^: 


Auj?.  11  I  Barrows 
and 
I      Prewey. 

Aug.  12  I do.... 

Aug.  12  I do.... 


Oct.    30  I do.... 

Oct.    81  I do.... 

Oct.    31  I do.... 

Not.    1    do.... 


Stream. 


Misery  Stream.. 

Braamia  Stream . 
Moo0e  River  . . . . 

....do 

Gander  Brook  .. 

Little     Wood 
Pond  Stream. 

Moose  Riyer  .... 


Locality. 


i   mile    above 
Brawnia  I^ke. 


U  mile«  above 
Brassua  Lake. 

Just  above  Little 
BraflBua  Lake 
and  about  4 
milen  above 
Brassua  Lake. 

At  outlet  of  Wood 
Pond. 

Near  entrance  to 
Wood  Pond. 

do 


Just  above  Attean 
Pond,  e 


Width.  I 


Area  of 
section. 


Fed.     Sq./eet, 
15  I      4.64 

I 
A  I      4.06 

90  I  126 


82  I 


'  1 


.26 


11  I      8.1 
55       49 


Mean 
veloc- 
ity. 

height. 

Dis- 
charge. 

FLp.»ec. 

IM. 

Sec.'Jt. 

0.92 

a  2. 12 

4.25 

L23 

a  2. 12 

6.02 

1.91 

a  2. 12 

241 

1.12 

ftl,154.65 

64 

.35 

M,  164. 66 

.09 

1.23 

ftl,154.65 

3.8 

1.51 

ra,154.69 

74 

0.42  inch 


a  Probable  gage  height  at  Rockwood  gage. 
b  Height  ofWood  Pond. 

e  Measurement  made  In  rapids;  bed  very  rough  and  measurement  considered  not  good. 
nln  fell  at  Jackman  during  night  of  October  31. 
d  Height  of  Wood  Pond  November  2  at  noon. 

ROACH  RIVER  AT  ROACH  RIVER,  ME. 

Roach  River,  which  has  a  total  drainage  area  of  120  square  miles,  enters  Moosehead 
Lake  from  the  east  Its  basin  is  completely  forested.  Dams  at  the  outlets  of  several 
ponds  control  the  flow  of  the  river.  The  gage  is  located  about  100  feet  downstream 
from  the  lowest  of  these  dams,  at  which  point  the  river  is  so  completely  under  control 
that  the  stage  does  not  vary  perceptibly  for  weeks  at  a  time.  Impounded  water  is 
used  for  log  driving. 

This  station  was  established  November  10,  1901,  by  N.  C.  Grover.  It  is  located 
near  the  village  of  Roach  River. 

The  channel  is  straight  and  about  60  feet  wide.  The  bed  of  the  stream  is  rocky 
and  permanent.    The  current  is  moderate. 

Dischai^  measurements  are  made  by  wading  or  from  a  canoe  at  a  section  140  feet 
dowDstiieam  from  the  gage. 

The  gage,  which  is  read  twice  each  day  by  C.  H.  Sawyer,  is  a  vertical  rod  spiked 
to  the  timber  retaining  wall  on  the  right  bank  of  the  stream.  It  is  referred  to  bench 
marks  as  follows:  (1)  A  cross  cut  in  the  highest  timber  of  the  crib  to  which  the  gage 
is  spiked;  elevation,  8.84  feet.  (2)  Circular  chisel  draft  marked  '*B.  M.''  on  highest 
point  of  bowlder  near  cottage  on  left  bank,  about  opposite  the  dam;  elevation,  12.57 
feet.    Elevations  refer  to  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply 
Papers,  United  States  Geological  Survey: 

Description:  66,  p  17;  82.  pp  86-87;  97.  p  51;  124,  p  66. 

Diiduuve:  82,  p  87. 

IMtcbaige,  monthly:  82,  p  88;  97,  p  52. 

Gage  helgfatK  66,  p  18;  82,  p  87;  97,  p  51;  124.  p  65. 

Batiof  tehleK  tt, p88;  97, p62. 
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Date. 


BTBEAM  MEA8UBEMENTS  IN  1905,  PAST  I. 
Discharffe  mea&uremenU  of  Roach  River  at  Roach  Rivera  Me.,  in  1305. 
Hydrographer.  i  Width. 


I 


May  22a Barrows  and  Preney . 

May  22a do 

May  28a | do 

November  7  ^ do 

November  7b do 


120 

122 

112 

19 

16 


Area  of 
section. 

Mean 
velocity. 

Gue 
height 

charge. 

Sq.ft. 

Ft.per9cc. 

FetL 

scc-yt 

268 

2.78 

4.07 

718 

812 

3.21 

4.45 

1,000 

188 

2.79 

3.59 

S24 

9.8 

.58 

1.96 

5.4 

8.0 

.42 

1.90 

U 

_    _  . 



- 

a  From  canoe  about  100  feet  beU<  w  gage.  ^By  wading  about  200  feet  below  gage. 

DaUy  gage  heigki,  infeetf  of  Roach  River  at  Roach  River,  Me.,  for  1905. 


Day. 


1. 

2. 

8. 

4. 

5. 

6. 

7. 

8. 

9.. 
10. 
11. 
12. 
13.. 
14. 
15. 
16., 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 
25.. 
26. . 
27.. 
28.. 
29.. 
3(>.. 
31.. 


Mar. 


2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.2  I 
2. 2 


Apr. 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2  2 

2.2 

2.2 

2.2 

2.2 

3.0 

3.0 

3.0 

3.0  I 

3.0 

3.U 


May. 


8.0 
4.2 
2.2 

4.8 

2.2 

2,2 

5.6 

3.9 

8.9 

5.6 

8.9 

2.2 

5.G 

2.2 

3.9 

5.6 

5.6 

2.2 

5.6 

5. 6 

5.6 

.'>.05 

3.6 

2.6 

2.6 

2.6 

2.6 

2.6 


2.6 


June.     July. 


2.6 

2.6 

2.6 

2.6 

8.8 

8.6 

2.6 

?.6 

2.6 

2.6 

2.6 

2.6 

2.6 

3.0 

3.4 

3.0 

2.6 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.4 

2.4 

2.4  i 

2.4  1 

2  ■» 

2.4 


Aug.  i  8ept. 


Oct.     Nov. 


•| 


2.4 

2.4 

2.4 

2.4 

2.4 

8.6 

8.6 

3.5  i 

8.5 

8.5 

3.5 

3.5 

3.5  . 

3.4 

3.4  I 

3.4  I 

3.4  I 

3.3  I 

3.3 

8.3 

3.3  I 

3.3 

3.3  I 

3.2 

3.2 

3.2 

3.1 

3.1 

3,1  I 

3.0 

3.0 


2.9 

2.9 

2.9 

2.8 

2.7 

2.65 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 


2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1  I 

2.1  ' 

^1  I 

2.1  I 

•i.l| 
2.1 
2.1  . 
2.1  I 

2.1  ■ 
2.2 
2.2.1 

2.2  I 

J.  2 


2.2 
2.2 

2.2  I 

2.2 

2.2 

2.2' 

2.2 

2.2 

2.2 

2.2 

2.2 

2,2 


I 


1.S 
L8 

L8 
1.8 
1.8 
1.8 
1.8 
L» 

l.S 
1.8 
l.« 

2.2  \-^ 

2.2  1.* 

2.0  I.» 

2. 0  1.  ** 

2. 0  1-  ** 

2.0  1-S 

2.0   

2.0   

2.0  1-' 

2.0   

2.0   

2.0   

2.0    

2.0    

2.0   

2.0   

2.0   

2.0   

2.0   


NoTK.— River  frozen  Jimuary  1  to  Man;h  20  ami  November  19  to  I)eccmbt»r31.    November  21,  P** 
height  to  top  of  ice,  1.8  feet;  ihleknes.s  of  ice,  0.1  foot. 


KSmrEBEO   SIVEB   DBAINAOK   BASIN. 
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im  rtUing  tabU  for  Rrxich  River  at  Roach  Hirer y  Me.  j  from  January  /,  1904^  to  hevem- 

her  SI,  1905. 


,hdSt 

Diachftige.  \ 

hei^t. 

Diwhaqce. 

Gage 
height. 

DiMcharge. 

heigJit. 

I)iw>)iargc. 

FtA, 

Ftd, 

\fkemdrjtii. 

Frtt. 

iicrowt-feet. 

Frji. 

Sfomd-ftrt. 

l.» 

0.8    ,1 

2.70 

1H6 

3.80 

&40 

4.90 

1,170 

1.S5 

^'^  i 

2.« 

221 

3.90 

()H5 

5.00 

1.225 

1.90 

S.4    1" 

2.90 

25K 

4.00 

730 

5.10 

1.280 

1.95 

6.6    1 

3.00 

29K 

4.10 

775 

5.20 

1,335 

2.00 

12 

8.10 

338 

4.20 

K20 

5.30 

1,390 

2.10 

27        1 

8.20 

379 

4.30 

H6f> 

5.40 

1.415 

2.20 

46        !' 

3.30 

421 

4.40 

915 

5.50 

1,500 

2.30 

.«         1 

3.40 

463 

4.. -TO 

uef) 

5.60 

l,^•»5 

2.40 

M        il 

3.50 

fi06 

4.<iO 

l.Ol.S 

2.50 

122        1 

8.60 

5fiO 

4.70 

1.06r> 

2.00 

IM 

8.70 

Wft 

4.W 

1.115 

/TK.— The  above  table  la  applicable  only  for  oiieii-rnannel  (•oiiditionH.  It  in  IwmhI  on  ten  (11h- 
^  meamirements  made  dunng  1902-1905.    It  in  n(»t  well  defined. 

Ettimated  monthly  discftarge  of  Rfxtch  River  at  Roach  Rher,  Me. ^  for  liH)4-rt. 

[Drainage  areii.  H5  Kquare  niilef*.] 

l)i.sehHrKe  In  Heeond-feet.  Knn-o(T. 

Month.  I  Second- (»»«•  I    i,,.,,.ii  in 

Maximum.  Minimum.      Mean.  ikt  wiuare      i,*i"" 

!  mile.  ""  '"  ''• 


ch  26-31 

1904. 

1 

, 

lUt 

ember       *. 

ber 

anber -- - 

!h  21-81     .  - 

1905. 

1 

, 

uit 

ember 

ber 

ember  1>18 

f»H 

6h 

6M.U 

0.  MM) 

0. 17K 

H20 

46 

9tJ.U 

l.ia 

1.26 

528 

68 

1H2 

10.  TA 

V2.'M 

500 

68 

4:16 

5.  M] 

5.9H 

2»»      i 

46 

Ki.  I 

.Wl 

].i:i 

730      ! 

46 

1H2 

2.14 

2.  47 

221       ' 

46 

S(».M 

.  952 

1.06 

463      1 

(iH 

119 

1.75 

2.(r2 

m    • 

27 

211.  () 

.:iii 

.:m) 

9i      1 

46 

«0.9 

.952 

.3M9 

298 

46 

y6.4 

1.13 

1.26 

555 

46 

(i6S 

7.H6 

9.06 

640 

9i 

182 

2.14 

2. 39 

^^      1 

W 

376 

4.42 

'y  10 

258      ' 

27 

71..'-» 

.H41     ' 

.970 

46      ' 

27 

:n.4 

.:{<>9 

.412 

46 

12 

27.4 

.:K2 

.371 

.H 

.s 

.8 

.()0W 

.0069 

yri.— River  froeen  January  1  to  March  25  and  De<;cmber  4-31,  1901;  January  1  to  Marcli  20  and 
ember  19  to  December  81, 1905. 
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66  STREAM   MBASUBEMENTS   IN  1905,  PABT   I. 

I>EAI>  RIVBR  NEAR  TirE  FORK8,  ME. 

Dead  River  has  its  headwaters  in  the  moiintainH  between  Maine  and  Canada  and 
flows  in  a  general  easterly  direction,  entering  the  Kennebec  at  The  Forks.  Its  basin 
is  40  miles  in  extreme  length  by  30  miles  in  width  and  is  almost  entirely  covered 
wi'h  forests.  Through  a  laige  portion  of  its  length  the  river  flows  through  swamps; 
in  its  lower  course  it  has  considerable  fall.  The  only  dams  on  the  stream  are  owned 
by  the  log-driving  companies,  and  the  gates  are  kept  open  after  the  drives  are  out  ^f 
the  river. 

This  gaging  station  was  established  September  29,  1901,  by  N.  C.  Grover.  It  u 
located  1}  miles  west  of  The  Forks. 

The  channel  is  straight  for  500  feet  above  and  below  the  station  and  is  about  225 
feet  wide  at  ordinary  stages.  The  banks  are  rocky  and  are  subject  to  overflow  in 
extreme  freshets.    The  bed  is  rocky  and  permanent    The  current  is  rapid. 

Dischaige  measurements  are  made  from  a  car  suspended  from  a  steel  cable. 

The  gage,  which  is  read  twice  each  day  by  Jeremiah  Durgin,  jr.,  is  a  vertical  rod 
attached  to  a  lai^ge  bowlder  on  the  left  bank  about  700  feet  l)elow  the  cable.  It  is 
referred  to  a  bench  mark,  a  copper  bolt  set  in  a  bowlder  9.5  feet  from  the  ga^e;  ele 
vation,  7.97  feet  above  the  zero  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply 
Papers  of  the  United  States  Geological  Survey: 

DescripUon:  66.  p  18;  82,  pp  U-86:  97.  p  63;  124,  p  66. 
DiMhar^:  66,  p  18;  82,  p  86;  97.  p  68;  124,  p  66. 
Gflge  heiffhti:  66,  p  18;  82,  p  88;  97,  p  64;  124,  p  67. 

Discharge  meagurement*  of  Dead  River  near  The  Fbrks,  Me.,  in  1905. 


DaU". 

1 

1  Width. 

Area  of       Mean    j 
section,    velocity. ' 

iM'ijrht. 

chargi'. 

i 

Fat. 

Sq.feH.    /-T.jXTwr.! 

Fftt. 

ikc.-f'ri^ 

April  '21 . . . 

....!  F.  E.  Preasey 

235 

(>K.->           2.64 

1.82 

1,S10 

June  1 

do 

283 

G60  1          2.30 

\.lh 

v<x 

June  1 

do 

233 

600            2.29  1 

1.75 

L.'ilO 

July  18 

do 

220 

1 

470  ]          1.47  ' 

1                   1 

l.(>0 

m 
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Daily  guge  fteigfU,  in  feet,  of  Dead  River  near  The  Forks^  Me.,  for  190,5. 


Day. 


Mnr.       Apr.       M^y.      Jnne.   I  July.   '   Aug.      Sept.       Oct.        Nov.   i    Dec. 


4.85 
3.85 
2.8 
3.5 


3.6 

3.25 

3.4 

2.9 

2.6 

2.45 

2.&5 

2.35 

2.35 

2.45 

2.45 

2.65 

2.5 

2.3 

2.35 

2.35 

2.95 

2.85 

2.2 

1.9 

2.4 

3.25 

4.95 

2.85 

2.8 

2.15 

2.8 

8.2 

3.1 

3.15 


3.9 

4.15 

8.55 

5.85 

4.25 

4.05 

4.2 

4.25 

4.15 

4.3 

4.55 

4.15 

4.0 

3.8 

3.5 

5.7 

5.05 

4.05 

3.8 

5.2 

5.1 

4.85 

4.65 

4.75 

4.6 

5.15 

4.35 

4.45 

4.55 

4.15 

2.8.S 


I 


2.55 

1.9 

1.7 

1.65 

1.65 

1.75 

1.6i 

1.6 

1.55 

1.55 

1.8 

2.3 

2.2 

1.96 

1.85 

1.85 

1.75 

2.0 

2.3 

2.  (V5 

2.65 

2.4 

2.2 

2.05 

2.05 

1.95 

1.95 

1.H5 

1.T5 


I 


1.75 

2.2 

2.3 

2.4  ' 
2.2 
2.0 
1.8 
1.6 

1.5  i 
1.45 

1.45  ' 
1.3    ■ 
1.2     I 
1.1 
l.ft5 

1.0  I 
l.tfi 
1.25  I 

1.95 
1.35  I 
1.1 

1.1  , 
1.15 

i.r> 

1.05 

.9-> 

.95 

.95 
1.5 


1.85 

1.85 

1.56 

1.4 

1.2 

1.0 

1.0 

1.05 

1.05 

1.05 

1.05 

.95 

.95 

\.W> 

l.(»5 

1.15 

1.3 

1.45 

1.8 

1. 15 

1. 15 

1.05 

1.05 

1.05 

.95 

.95 

.8:) 

.85 

.85 


0.75  • 
.75 
.75  i 

.95 
1.C6  I 
1.2 
1.25 
1.1 

.95 

.95 

.85 

.75 


,1 


.  /.> 
.75 
.75 
.9 
1.1 
1.15 
1.05 
.95 
.95 
.95 
.9 
.8 
.75 
.75 
.75 


I 


0.75 
.75 
.75  . 
.75  i 
.75 
.75, 
.75 
.65 

•«i 

.  65 
.«:., 
.05 
.6.5  j 
.65  I 


0.75 
.J-5 
.85 
.85 
.85 
.85 
.85 
.95 
.95 
.95 
.85 
.75 
.75  1 


1.15 

1.1 

1.05 

i.a5 

1. 15 
1.15 
1.16 
1.15 
1.15 
1.15 
1.15 
1.05 
1.05 
1.05 
l.a5 


.75' 

.8->           1.06 

.75  1 

.8.5  1 

.75  1 

.9.->    

.  i.t 

.95  1 

.75 

.95    

.75  1 

.95  1 

.75 

.85    

.75 

.ST.! 

.7.5 

.H5  i 

.75  1 

.85    

.75 

•••^M 

.75  1 

.95    

.75    ; 

1.05  : 

.65 

1.15    

.6.'>  1 

1.15  1 

.iV5  1. 

^'oTt— River  frozen  January  1  to  March  27 ; 
member  16-31. 


ice  went  out  March  28  an<l  river  clear.     River  frozen 


^ion  rating  tahUfor  Dead  River  near  The  Forh^,  Me.,  from  June  ;i'>,  lOOii,  to  December 

Sly  1905. 


height. 

DlHchaiKe. 

Gage 
height. 

Discharge. 
Second/*  fi. 

height. 
1      Fret. 

'  I)i.H0harge. ' 
["^cond-ftH. 

(JjiKe 
iieiplit. 

Ftt. 

I)i.schHrjf«'. 

Ftet. 

1 
Secondrfect. 

Feet. 

S,ro,ifI/nt. 

0.40 

46 

1.40 

i,(m 

2. 40 

2.  WX) 

3.80 

f.,s30 

.50 

110 

1.50 

l,22i-) 

1        2.rK) 

1         2, 7S() 

4.00 

<•.  I'M) 

.m 

186    , 
270 

1.60 

l,:j<v5 

•2.m 

1          2,970 

4.20 

7.  IKK) 

.70 

1.70 

1,50;-) 

2.70 

1       3,if;<)   , 

4.40 

7,730 

.80 

865 

1.80 

1,650 

2.  SO 

;       3.  n>o 

4..0 

8,420 

.90 

470    1 

1.90 

1,795 

2.90 

3,570 

4.80 

9,140 

1.00 

5S0 

2.00 

1,945 

3.00 

8,7W 

5.00 

9,890 

1.10 

700 

2.10 

2,100 

3.  JO 

!         4,210 

5. 50 

11.920 

1.20 

825    1 

2.20 

2.2f.O 

3.  10 

4.730 

6.00 

14,080 

1.80 

966    ! 

2.30 

2,430 

3.00 

;          5,260    1 

f>TB.— The  above  table  iH  applicable  onlv  for  ojH'n-chunni'l  coiKlitlons.    It  is  based  on  16  dischai^ 
^anrements  made  during  1903-1905.    It  U  well  dethied  between  gage  heights  0.7  foot  and  2  feet; . 
^«  2  ftet  the  table  is  eubject  to  error  of  a  few  per  cent.  JM 
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STREAM   MEASUREMENTS   IN   1905,  PART   I. 


Estimated  monthly  discharge  of  Dead  River  near  The  Forkn^  He.^  for  190^-lii05 
[Drainage  area,  870  square  miles.] 


Jiine2&-30. 

July 

August 

September. 

October 

November . 


Jane4-S0.. 

July 

August 

September. , 

October 

November . 


AprU  10-30 

May 

June 

July 

August 

September 

October 

November 

December  1-10. 


April 

May 

June 

July 

August 

September 

Octol>er , 

November 

December  1-16. 


Month. 


1902. 


Discharge  in  second-feet. 


Maximum.  Minimum.      Mean. 


Run-off. 


I 


'  Sci'ond-feet 

I  persuuare  | 

mile. 


DC] 


1903. 


8,24r) 
2,913 
2,600 
1,795 
3,360 
3,360 

9,140 

1,226 

1,090 

470 

270 

580 

14,300 
18,040 
8,960 
1,505 
1,506 
1,722 
3,900  I 
1,022  I 
1,090  I 

y,700  I 
13,420 
3,06,'>  I 
2.600  I 

890 

7()2  I 
762 


185 
270 
365 
365 
318 

470 
470 
470 
110 
110 
270 

1,660 
1,870 
640 
228 
228 
318 
762 
525 
525  ' 

1,795 
3, 4(»5 

1.295  I 

525  I 
318 

318  . 

228  I 

318  ' 

(^40  , 


4,865 

5.58 

964 

1.09 

991 

1.14 

1,022 

1.17 

942 

1.08 

1,226 

1.41 

1,748 

2.01 

646 

.743 

648 

.745 

222 

.255 

172 

.198 

857 

.410 

3,?22 

4.28  1 

8,892 

10.22 

2,969 

3.41  j 

705 

.810 

495 

.569' 

967 

1.11  1 

1.770 

2.03  ' 

741 

.852  ■ 

712 

.818 

i 

3,352 

7,821 

1,955 

1,180 

739 

475 

289 

470 

705 


3.85 

8.99 

2.25 

1.36 
.849 
..546  I 
.332  I 
.540  I 
.810  I 


Note,— Estimates  for  December.  1902.  and  December,  190;i,  omitted  on  account  of  ice  eond 
River  frozen  Januarv  1  to  .\pril  9  and  December  11-31,  19(>4:  Januarv  1  to  March  27  and  Dec 
17-31,  1906. 

CAllR.VBASSETT   1U\  ER   AT   NOllTIT   AVSON,    ME. 

Carniba^sett  River enU'i>^  the  Kenne])ec  from  the  west  at  North  Anson.  Iti*  ba«i 
steep  slope^s,  partly  in  farm  lands,  with  no  large  natural  reservoirs.  Dams  have 
con.structed  and  power  used  at  New  Portland,  I']ast  New  Portland,  and  North  A 

The   gajiing  station    was  established  October  U>,  1901,   by  N.   V.   Grover. 
located  above  Embden  Brook  and  below  Anson  Brook. 

The  channel  is  straight  for  5(X)  feet  above  and  800  feet  )xilo\v  the  station  a 
a])out  150  feet  wide,  divide<l  into  two  parts  at  low  stages  of  the  river  by  a  gra 
bar.     The  bed  is  of  coarse  gravel  and  jiermanent,  and  the  current  is  moderately  r 

Discharge  measurements  are  ma<le})y  wading  at  low  stages  and  from  a  boat  at 
stages. 

(lage  readings  are  taken  once  each  day  by  N.  Q.  Hilton.  There  are  two  j 
One  is  a  vertical  rod  attac\\ed  to  a  tree;  the  other  is  a  standard  chain  gage  atti 
to  trees  on  the  bank.    The  length  ol  \Vve  c\\a\w  \^  m.l?»  I^qI,    The  datum  of  th< 
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the  same,  and  is  referred  to  two  Viench  iuarki<:  ( 1)  Point  on  root  of  a  blazeil 
ree  40  feet  from  the  vertical  ga^:  elevation,  10.78  feet.  (2)  Copper  bolt  set 
e  bowlder  at  the  oatlet  of  An.«on  Bn>»k:  elevation.  11.40  feet.  Elevations 
datum  of  the  gage. 

lation  in  regard  tr»  thin  station  L<  eontainetl  in  the  following  Water-Supply 
•f  the  United  States  (leological  Sur\-ey : 

loo:  65,  p  19;  82,  p  S2;  97.  pp  bt-5Si;  124.  pi*  (u-4is. 
{«:  82,  p  S3;  97.  p  56:  124.  p  68. 
{e.  monthly:  82,  p  31;  97,  p  56;  124,  p  70. 
\ghts:  66,  p  19;  82,  p  33;  97,  p  56;  124.  p  69. 
Able:  82,  p  34;  124.  p  70. 


itcharge  mecLmtremenU  of  Carrahautett  River  at  Xorth  Attsmi,  Me,^  in  1905, 


Hydrof{Tmpher. 


Width. 


Area  of       Mean 


Gaice 


Dis- 


section,   velocity,    height,      charge. 


.  R.  PreflMy. 
..do 


r^et. 

"^r 

Ftrtprr 
*€cond. 

133 

1»7 

2.33 

102 

90 

l.ft! 

Ff€i.  ft«t. 

1.18  435 

.40  146 


o  Log  jam  In  left  channel  MO  feet  below  gage.  b  Wading  near  gage. 

ly  g<ige  height,  in  feet,  of  (hrniftOMfett  River  tit  Xorth  Anson,  }ff.,  for  19*)o. 


>•- 

Mar. 

1 

lApr. 

3.0 

2.8 

2.8 

2.1 

1.9 

4.0. 

3.6' 

2.7 

2.2  ' 

2.2  1 

2.9  j 

2.7 

2.8 

2.7  j 

2.8  ; 

2.4 

2.0 

1.8 

1.6  1 

1.4 

1.3 

1 

!       . 

3.4 

2.6 

2.1 

"i 

2.0 

1 

1.9 
2.2  1 

1 

1 
1 

1.9  ' 

!        4.0 

2.1  i 

1 

2.0  i 

Apr.       May.      June.      July.       Aug.      Sept.       (R't. 


Nov. 


Dec. 


2.3 

2.0 

1.4 

3.6 

3.1 

2.6 

2,6 

2.5 

2.0 

2.1 

1.7 

1.5' 

1.5 

1.6 

1.5 

1.6 

2.0 

2.2 

3.0 

2.5 

1.9 

1.7 

1.5 

1.3 

1.2  i 
1.1 

1.3  , 
1.5  ; 
1.3 
1.2  i 
1.1  ' 


1.0 

.9 
*  .9 
1.0 

.8 

.8 
1-0 

.8 

.7 

.7 

.6 

3.8 
2.4 

l.K 

1.5 

1.3     ; 

1.1 1 

1.4 
1.7 
l.H  , 
1.5  = 
1.4 
1.2  \ 

■::! 

1.8: 

1.5  I 
1.2  I 
1.0  I 


0.9 

.9 
2.7 
1.9 
1.5 
1.2  . 
1.0 

.9 

.8  ' 

.8  ' 

.8 


.5 

.5  : 
.5  i 

.5 

1.2 
.9 

.7  1 
.6 


.5 
.4 

1.3  i 


2.9 
1.5 

1.2 : 

.9 


.9 

.8 


.5 
.5 


.6 


0.3 

.3 

.3 
2.2 
1.4 
1.9 
1.4 
1.2 
1.0 

.8  ' 

.7 


.6  , 

.6 

.H 
1.7 
1.3 
1.3 
1.1 
1.0 
1.0 


0.4 

.6  1 


.8 
1.0 
.h 
.8  . 
.t*> 

.« 
.8  , 
.8 


1.0 

1.1 

.7 

1.1 

1.4 

1.2 

.9 

1.0 

.8 

.8 

.8 

.6 

.6 


6 

.7 

.8 

5 

.8 

.8 

4 

1.0 

1.0 

4 

.7 

.7 

4 

.7 

.6 

5 

.H 

.6 

6 

.7 

.8 

.6 
1.1 
1.0 
l.O 

.7 
1.0 


.7 

1.0 

.8 
.8 
.7 


irerfroaen  January  l  to  March  28.    I(>c  broke  up  March  26  and  went  out  Man.'h  28. 


STREAM    M^:AStTRE3IKTfTS   1!*    IfWfi,   PkWt   t* 
^timi  rating  tablt/or  QimihatmfU  River  ai  N&rth  A^tsmtf  M€.^/ramJanumf$litJku 


.  V 

iSSg. 

I^tBCbUSfr. 

iSgft 

Dt«dlttf9«. 

liei^t 

DJwbaige. 

be^t 

Dtvhwr^ 

ju; 

&aflM*/^. 

#m; 

mmm^ 

/te& 

Sufmd/mi. 

f*(l. 

mmd^ 

•'& 

,  t*^  — -.^Wljl^ 

,       L» 

m 

2.» 

i^m 

S.2» 

%m 

hi'*tf 

166 

a.  SO 

i.eao 

K.ao 

zm 

- 

.■JB  ^ 

Md 

no 

1,7B6 

:i.«o 

%m  ' 

. '.  ^w 

2tKI 

LBO 

1m 

S.JIO 

um 

>.60 

%.m 

-, 

-  ^  .flO 

2Sfi 

l.«» 

l,Ot& 

3.«a 

2,010 

S.«0 

^m 

f 

.70 

HtS 

3.TO 

1.10& 

^70 

1,120 

»,70 

Km 

.60 

»76 

hW 

i.sa* 

%m 

%m 

awu 

hm 

r 

.fO 

445 

LA 

um< 

%m 

%m  1 

S,IO 

I.II* 

1.110                  A'iU 

3.00 

ititf 

t.m 

%m 

4.00 

z^m 

t^ 

LIO                 59& 

2. 10 

l,4Sd 

.1,10 

2.W0 

TK.— Tho  ikbi>vt*  tfttik'  1»  appUoabte  only  for  opi^ii-chatinc-]  pimdii 
atviin' au  mad 1 11  iij-i ng  iWi-lUUS*    1 1  to  w eU  aitrtniHl  tli fa ug lioiti. 


ttOOik    niabwedatiHdtalu 


J^tltnatM  mtmlhlif  diHehnrge  u(  f^irrabaimeit  ific^rr  at  Norih  AtiMm^  M^^tfi^ir  tSO$* 
[Dndnage  area,  S40  aquare  miles.] 


DlKSbaige  in  seoond-feet 


Maximom. 


Minimum. 


Mean. 


Run-off. 


8econd-feet 

per  square 

mfle. 


Dept 
inel 


April , 

May 

June 

July 

August . . . 
September 
October. . . 
November 
December 


8,780 

8,210 

3,480 

2,120 

2,350 

1,585 

520 

595 

840 


756 
596 
2S6 
120 
120 
120 
120 
160 
256 


1.814 
1,316 
789 
469 
343 
490 
205 
354 
404 


5.84 
3.87 
2.32 
1.35 
1.01 
1.44 
.602 
1.04 
1.19 
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8ANDT  RIVEK  NEAR  MADISOX,  ME. 

Sandy  River  rises  near  Rangeley  Lake,  flowing  at  flrat  southeastward,  then  in  the 
Ui^t  third  of  its  course  northeastward  into  Kennel^et^  River,  which  it  joins  about  2 
miles  below  the  village  of  Madison.  It  has  a  total  length  of  alKUit  50  miles,  and 
while  there  are  a  few  small  ponds  in  its  basin  its  storage  (^])aoity  is  small  and  the 
flow  ia  quite  variable.  It  resembles  very  much  in  this  way  Carraltassett  RivtT,  the 
slopes  being  usually  steep  and  the  fall  ver>'  rapid  tliroughout  the  greater  i)art  of  its 
couiHe.  Comparatively  few  water-power  developments  have  been  made — namely,  at 
New  Sharon,  Farmington,  and  at  the  point  described  Ix^low  near  Madison. 

Ttna  station  was  established  March  23,  1904,  by  F.  K,  Pressi^y.  It  is  locate<l  at  the 
<hun  of  the  Madison  Electric  Works,  just  over  the  town  line  in  Stark,  but  is  nearer 
the  Madison  post-office.  The  drainage  area  at  this  i>oint  is  a)>out  650  square  miles. 
The  dam  rests  on  ledge  rock  and  has  a  fairly  level  crest,  .*J41.4  feet  in  length  l)etween 
vertical  abutments.  The  crest  is  1  foot  wide  on  top,  sloping  from  the  ui)Stream  (nlge, 
4.75  horizontal  to  1.25  vertical,  while  the  downstream  fa<v  of  the  dam  is  vertical. 
The  level  top  is  of  dressed  stone  (6-cut),  while  the  remaimh'r  is  (|uarry  faced,  Imt 
care  has  been  taken  to  leave  no  considerable  pn)jection  on  the  approach  to  the  cn^st. 
l^vision  has  lx*n  made  for  the  installation  of  flashlK)ar<ls  when  niHTHsary.  The 
hea<l  developed  by  the  dam  is  aliout  15  feet,  which  is  usetl  in  a  power  development 
on  the  right  liank,  consisting  of  a  fore  Ijay  nearly  100  fetit  long,  dwn'using  in  width 
from  40  to  20  feet  at  the  racks,  and  one  i>air  of  30-inch  Mt<,'ormick  turbines  (rated  at 
Holyoke),  with  complete  arrangements  for  a  second  pair  if  found  necessary.  This 
plant  is  owned  by  the  Madison  village  corporation  and  is  ukmI  for  furnishing  light  and 
P^wer.  The  pondage  extends  back  al>out  2  miU?s,  but  there  is  no  si«le  liowage.  When 
^*ter  is  more  than  3  feet  deep  on  the  dam  the  crest  in  iucn'ased  in  length  alwut  H7.5 
feet  by  flowing  over  the  wall  of  the  fore  Imy.  The  whw»ls  and  generators  ure  in  op«T- 
*t'on  only  during  the  night,  so  that  the  <lischargi»  has  l)ei»!i  based  upon  a  gage  height 
'^l  late  in  the  afternoon  just  l)efore  starting  up;  and  it  is  l)elieved  that  the  pondage 
effect  has  been  wholly  eliminate<l  in  this  way. 

'^ plain  vertical  staff  gage  was  flrst  fastened  to  the  retaining  wall  of  the  <Uun,  the 
elevation  of  the  100-foot  mark  at  the  gage  }>eing  e<|ual  to  the  elevation  of  the  rwat 
^' the  dam.  This  has  been  superscMled,  however,  by  a  float  gage  rriernil  to  thf 
•^nie  datum  and -installed  through  the  courtesy  and  a.«sistttn(*»  of  ('.  S.  Hiimphri  vs. 
^- E.,  of  Madison,  engineer  in  charge.  At  the  same  time  another  float  gage  was 
placed  to  record  the  height  of  water  in  the  tailnice,  ho  that  in  caso  it  iMTonies  neces- 
"^O' to  use  the  turbines  in  estimating  flow,  records  of  the  hea<l  on  the  whorls  may  hf 
obtaiin^.  The  gages  are  refernMl  to  the  following  iM'iich  mark:  A  point  indosi^l  by 
^eirdeon  the  north  side  of  the  wing  wall,  al)f>ut  22.H  fiH*t  from  its  end  at  the  «lani, 
marked  **B.  M."  Its  elevation  m  102.98  ftH*t  aU^w  gage  <latuni.  The  gages  jire 
'^^^  twice  daily  by  Marcus  W.  Moore,  electrician  at  the  station. 
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Estimated  monthhf  discharge  of  Sandy  River  near  Madison,  Me. 
[Drainage  area,  650  square  mlle«.] 


Month. 


1904. 


March  23-31  . 

April 

May 

June 

July 

Auguflt 

September. . . 

October 

November... 
December . . . 


Disc'harge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


Run-off. 


Mean. 


Second-feet  Id    ji,i„ 
^mi?e"*'*  I  '«^^^- 


1905. 


January . . 
February . 

March 

April 

May 


June 

July 

AugURt 

September.  ^ . 

October 

November  — 
December 


5,335 

11,265 

10,325 

1,064 

516 

1,871 

1,101 

4,809 

675 

440 

874 

645 

7,908 

7,026 

2,892 

3,330 

2,653 

2,078 

1.601 

339 

388 


890 

2,682 

1,757 

4.858 

516 

3.680 

66 

855 

66 

234 

135 

322 

42 

273 

224 

654 

224 

410 

170 

299 

224 

112 

112 

1,046 

477 

224 

60 

0 

42 

37 

49 

165 


The  year  . 


,908  I 


492 
813 
1.436 
2,558 
1,836 
658 
292 
224 
350  i 
89  I 
215  i 
327  I 


I 

4.12 

I 
7.47 

5.51    I 
.546 
.360  I 
.495  , 
.420  ' 

1.01 
.631 
.460 


s.3:< 

f..S5 
.60ti 
.415 
.571 

.m 

1.16 
.7W 
.590 


.757 

.878 

.482 

.m 

2.21 

2.55 

3.94 

4.40 

2.06 

2.37 

1.01 

1.13 

.449 

.518 

.345 

.398 

.538 

.600 

.137 

.158 

.331 

M 

..t03 

.^ 

1.06 


14.45 


Note.— After  AuKU.'»t  31,  1906.  wheels  were  run  during  both  day  and  night,  and  estimates  are  b«se<l 
on  both  the  flow  over  dam  and  through  the  wheels.  Gage  readings  and  gate  openings  read  five 
times  daily. 

m:essalonskek  rivkr  at  waterville,  me. 

Mesealonskee  River  enters  the  Kennel:)ec  from  the  west  at  Waterville.  It  has  a 
total  drainage  area  of  208  square  miles,  of  which  30  square  miles  are  lake  surface. 
Of  this  lake  .system  Messalonskee  Lake  is  nearest  to  the  mouth  of  the  river.  In 
this  lower  portion  of  the  river — about  10  miles  in  length — there  is  a  fall  of  about  210 
feet,  which  is  practically  all  utilize<i. 

The  United  States  (ieolopical  Survey  has  maintained  a  ga^e  at  the  dam  of  the 
Chase  Mannfacturinj?  (/ompany,  in  Waterville,  since  June  18,  1903.  The  drainage 
area  at  this  point  is  about  205  square  miles.  A  vertical  staff  gage  is  fastened  to  the 
wheel  j)it  just  above  the  dam.  The  zero  of  the  page  corresponds  to  the  level  of  the 
crest  of  the  dam  and  is  referre<l  to  a  l)encli  mark,  as  follows:  Copper  bolt  in  ledge 
on  opposite  si<le  of  the  river  from  the  end  of  the  dam;  elevation,  14.51  feet  alx)ve 
the  crest  of  the  dam.  The  dam  i.<  a  new  crib  without  leakage  and  with  a  good  crest. 
Generally  the  water  is  not  used  for  power  purposes  at  night,  and  the  gage  is  read 
while  the  Avheels  are  not  running.  At  other  times  the  amount  of  water  used  through 
the  wheels  is  a<lded  to  that  which  flows  over  the  dam.  Flashl>oards  are  maintained 
during  low  stages  of  the  river.  The  gage  is  read  once  a  day  by  Ernest  E.  Bowie, 
watchman  at  the  mill. 
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rmataon  in  regard  to  this  station  18  contained  in  the  following  Water-Sup])ly 
I  of  the  United  States  Geological  Survey: 

i|»tioD:  97,  pp  56^57:  124.  p  ?i. 
Aifre,  daily:  97,  p  OT;  124,  p  73. 

daily  digcharge,  in  necand-feet,  of  Met^alanskee.  River  at  WaterviUf^  Me. ,  for  1905, 


Jan. 

,^ 

- 

Apr. 

May. 

June. 

July. 

Aug. 
90 

Sept. 
90 

Oct.   Nov. 

...1   432 

895 

383 

697 

386 

212 

64 

118 

408 

360 

860 

668 

314 

251 

90 

90 

118     149 

...J   432 

851 
314 

836 
887 

587 
507 

292 
336 

273 
212 

118 
118 

184 

.....    434 

118 

1« 

....'    432 

360 

472 

588 

251 

193 

118 

90 

! 

383 

292 
292 
273 
301 

457 
688 
607 
bTI 

587 
583 
543 
577 

314 
212 
230 
251 

230 
177 
212 
177 

9J 
118 
64 
64 

.....   385 

118 
118 
90 

1 

1 

642 

....'   482 

118  

....    432 

336 

587 

432 

301 

159 

90 

UK  

482 

848 

559 

472 

260 

111 

90 

90 

149  

408 

432 

615 

482 

336 

144 

90 

90 

149  

....    383 

860 

482 

457 

336 

144 

90 

118 

UK  

....'   408 

814 

507 

408 

860 

149 

77 

90 

•  118 

UK  

408 

336 

432 

383 

3H3 

111 

90 

90 

IIH 

....'   883 

836 

388 

3K3 

383 

144 

90 

90 

UK  

408 

360 

432 

408 

432 

177 

90 

90 

149  

422 

336 

383 

383 

408 

212 

•JO 

118 

90 

UK  

482 

432 

587 

422 

432 

177 

90 

IIK 

105 

149  

472 

860 

587 

383 

533 

212 

ia'> 



64 

149  

432 

886 

633 

432 

314 

193 

90 

yo 

f.9 

UK  , 

....1   432 

848 

482 

507 

273 

1J*3 

90 

90 

90 

421 

800 

607 

408 

251 

177' 

90 

90 

i:u  

434 

883 

472 

888 

212 

193 

118 

«) 

l^y 

482 

886 

482 

360 

212 

177 

IIK 

90 

90 

i:u  

472 

888 

995 

883 

251 

177  , 

90 

90 

UK 

IIK  

482 

860 

870 

895 

212 

64 

90 

IIK 

149  

482 

386 

758 

836 

432 

54  , 

UK 

90 

m 

1^» 

422 

811 

336 

383 

54 

IIM 

90 

IIK 

484 

768 

360 

251 

26 

61 

UK 

149  ' 

895 

097 

314 

149 

90 

149  i 

~TwelTe-inch  fluhtx)aid8  on  from  June  27  lo  November  4.  IncIuHivc 
lably  unreliable  after  about  June  1.  owing  to  inHufHeient  dntn. 


FIgun»M  for  (lis<>liHrKe 


COBBOSSEECONTEE  RIVER  AT  (JARDINKR,   ME. 

booeecontee  River  drains  a  group  of  lakeH  lyin^  from  5  to  IT)  niiU^H  west  of 
ta,  having  areas  aggregating  19  square  miles,  and  emptios  into  tho  KcnnoU'c 
9  below  Uiat  city  at  Grardiner.  Its  total  drainage  ar(>a  in  aUtut  iMi)  M]uart' 
From  the  ordinary  surface  of  I^ke  Maranacook,  imv  of  tlu>  up|NT  laki^,  to 
dde  at  the  month  of  the  river  the  fall  iH  20<}  fei*t,  and  in  thf  Iowim-  thn'o-fourtliH 
lie  it  18  said  to  be  136  feet.  From  alx>ve  the  uppcrnioHt  of  tluM*i^ht  ilainn 
lied  by  the  Ghudiner  Water  Power  Company,  whirh  an'  in  tlii»  h>\vortlinH»- 
Bof  a  mile,  the  municipal  water  Ripply  for  (ranlim^r  in  drawn  and  pum|HMl  by 
power.  Record  is  kept  of  the  watc>r  pumjH>d  and  of  tlu*  water  that  {>a(w«»H  the 
irongh  a  waste  gate.  The  sum  of  tlu^M'  quant itit>H  n^pn^mMitH  tho  yi(>1d  of 
linage  area  at  the  apper  dam,  records  of  which  have  Invn  kept  1>y  the  (ianli- 
ater  Power  Company  for  a  nerieH  of  yeara  and  have  bei*n  furnished  to  tlie 
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Survey  by  S.  D.  Warren  &  Co.,  through  Joseph  A.  Warren.  The  record  for  1906 is 
presented  in  the  accompanying  table.  On  Sundays  and  legal  holidays  the  gates  tn 
closed  and  no  water  is  permitted  to  run,  unless  the  lakes  are  full.  This  is  a  nioft 
remarkable  example  of  the  regularity  of  flow  that  can  be  obtained  with  proper 
storage. 

Information  in  regard  to  this  station  is  contained  in  the  following  publications  <4 
the  United  States  GeologicaF  Survey  ( A nn= Annual  Report;  WS=Water-SupplT 
Paper) : 

Deacription:  WS  82,  pp  3ft-39;  97,  pp  57-68:  124,  pp  73-74.  * 

Discharge,  daily:  WS  82,  p  39;  97,  p  68;  124,  p  74. 

Discharge,  monthly:  Ann  19,  iv,  pp  81-84. 

Discharge,  yearly:  Ann  20,  Iv,  p  46. 

Hydrograph:  Ann  19,  iv,  p  80. 

Rainfall  and  run-off  relation:  Ann  19,  iv,  p  80. 

Mean  daily  discharge^  in  second-feet j  of  Cobbosaeeconlee  River  at  Gardiner ^  Me,,  for  190S. 


Day. 


1.. 
2.. 
8.. 

4.. 

6.. 

6.. 

7.. 

8.. 

9.. 
10.. 
11.. 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24  . 
25.. 
26.. 
27.. 
28.. 
29.. 
30.. 
31.. 


Jan. 


10 
115 
116 
115 

115 
115 
116 

10 
160 
160 
160 
160 
160 
160 

10 
160 
160 
160 
160 
160 
160 

10 
160 
1«) 
160 
160 
160 
1»X) 

20 
160 
160 


Feb.  Mar. 


160 
160 
160 
160 

30 
.160 
160 
160 
160 
160 
160 

20 
160 
160 
160 
160 
160 
160 

25 
160 
160 
160 
160 
KiO 
160 

20 
160 
160 


160 
150 
140 
140 
60 
130 
130 
125 
115 
120 

125 ; 

:i5 
1^=>| 
115 
110 
105 
105 
100 

20 
160 
170 
200 
210 
210 
210 

10 
260 
260 
286 
484 
591 


Apr. 

May. 

566 

280 

605 

280 

463 

280 

330 

280 

340 

285 

568 

285 

882 

10 

703 

285 

530 

285 

400 

285 

290 

285 

June.  I  July.  Aug. 


290 
290 
290 
290 
113 
290 
290 
290 
290 
290 
290  j 

10  I 
290  I 
290  ' 
290 
290 
280 
280 

10 


285 
285 

10 
285 
285 
285 
285 
285 
285 

10 
285 
285 
285 
28.^> 
2H5 
285 

10 
285 

10 
28;'> 


285 

285 

285 

10 

285 
285 
280 

280  , 
280  I 
280  I 

10 
280 
280 
280  I 
280  I 
280 
280  ' 

10 
280  ' 
280 
280 
280 
280 
280 

10 
280 
280 
2M0 
280 
280 


280  I 

10, 
280  ■ 
146  , 
135 
260  ! 
260  ' 
260 

10 
260 
260 
260 
260 
260 
260 

10 
2W 
2<i0 
260 
260 
260 
260 

10 
260 
260 
260 
260 
260 
260 
•  10 
260 


Sept.   Oct.  I  Not.  Dec. 


260 
260 
260 
260 
260 
10 
260 
260 
260 
260 
260  ! 
260  ' 

260  I 

260 

260 

260 

260 

260  I 

10 
260 
260 
260 

aio 

260 
260 
10 
220 
220 
220 
220 


220 
220 

10 
220 
220 
220 
220  i 
220  I 
220 

10  . 
220 
220 
220 
220 
220 
220 

10 
220 
•220 
220 
220 
220 
220 

10 
220 
220 
220 
220 
220  ! 
220  ' 


10 
220 
220 
220 
220 
220 
220 

10 
220 
220 
220 
220 
220 
220 

10 
220  I 
•220 
220 
220 
220 
220  ' 

10 
•220  I 
220 
210  , 
190  ' 
170 
160 

10 
115 
115 


115 
115 
115 
115 

10 
180 
1» 
180 
180 
180 
180 

10 
180 
IW 
180 
180 
180 
180 

10 
1* 
180 
180 
IfO 
IH) 
180 

10 
1*0 
ISO 
180  ! 

10  ! 


Note.— Leakage  of  dam  taken  at  10  second-feet,  lus  determined  by  measurements  during  1906. 
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Eslimatetl  monthly  digrharge  of  Cobitt^MeecotUee  Hirer  at  (iordiner.  Me.  y  for  1905. 
[Drainage  area,  240  Mjuan^  miles.] 


i 

niw-harge 

ill 

}*eoi»n*l-fe»'t 

Run-off. 

Month. 

Maximum.  M 

in 

mum. 

Mean. 

Se< 
pe 

ond-feel 
r  x|uare 
miie. 

Depth  in 
inches. 

.        — 

■—       



- 

January  

HiO 

10 

127 

0.  .V29 

0.610 

Februarv  

1»W 

20 

141 

..V^ 

.612 

March 

''91 

10 

it>; 

.692 

.79H 

April 

w> 

10 

a47 

1.45 

1.62 

r.         May 

2S5 

10 

240 

1.00 

1.15 

^       Jum- 

2S5 

10 

24r> 

l.cri 

1.14 

July 

2H) 

10 

213 

.H8H 

l.(r2 

:             AuifD.»it 

2ft) 

10 

•223 

.929 

1.07 

:         September 

220 

10 

192 

.XOO 

.S93 

^         October 

220 

10 

17.'» 

.  72«; 

.S40 

November 

180 

10 

113 

.  r»9<". 

.  tkW) 

December 

The  year... 

195 

H) 

i:>H 

.  ♦-Vi 

.759 

sx-j 

10 

\9^ 

.H2:i 

11.18 

ANDROSCOGGIN   RIVER    DRAINAGE  BASIN. 


DESCRIPTION  OF  BASIN. 

Androscoggin  River  is  formed  by  tlie  junction  of  Ma;zHll<»\vay  River  an<l 

of  the  Unibagog-Rangeley  lakes  near  the  Maino-New  Hani psli ire  ]M)un(liiry 

about  35  miles  it  flows  southward  into  the  State  of  New  Hanipsliire,  t 

abruptly  to  the  east  and  flows  into  the  State  of  >hiine,  then  turns  to  the 

joins  the  Kennebec  in  Merrymet»ting  Bay.     The  last  fall  on  the  Ainlroi*( 

Brunswick,  Me.,  above  which  place  the  <lniina;ie  area  i.*^  3,470  sjuaro  niil«> 

per  cent  of  this  being  in  Maine.     The  ^'reate.«t  len^'th  of  the  ]ni<\u  is  1  H) 

fjrreatejat  width  70  miles,  while  the  river  itself  measures  about  L'OO  niile< 

from  the  sfmrces  of  Magalloway  River  to  the  •'(►a.^-t.     Tin- following  table 

drainage  areas  of  the  river  and  of  8<3ine  of  its  chief  tributaries: 

Ihainage  areas  of  Androj*rofjt/in  Jiiirr  mi'l  //rim-ipnl  (rihnturlts. 


River. 


LiK'ulily. 


the  outlet 
line.  For 
hen  turn.s 
south  and 
o^j^nu  is  at 
^  about  SO 
miles,  the 
iu  leu«rtli 
gives  the 


I)ruiimge 

ilU'tl. 


Androsseoggin ■  Immediately  Ix^low  jiinctitHi 

I      loway  River,  at  Ern.)l  dam. 

Do !  Berlin 


tf   rinl>ago^  niitU't   »in«l   Maual- 


Gorham 

Shelburne  at  Kftf?i"K  suiti«»n 

Rumford  Fulls 

Dlxfield  ut  gaging  station 

Livermore  Falls 

■  Lewiston  Fall.« 

Do '  Brun.«<\vi(.k 

Umljagog  outlet \  Immediately  above  junction  with  Magan«)\\ay  Kivrr. 

Magalloway ,  Mouth 

Little  Androscoggin. . . I do 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


1 .  090 

I,:i7ft 
1,500 
2.090 
2, -230 

2.  :>50 
2. 950 
3. 470 

590 
500 
380 
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The  lower  part  of  the  basin  is  hilly  and  moderately  wooiled,  while  the  upper  two- 
thirds  is  broken  and  mountainous,  heavily  tinil>ered,  and  with  a  gravelly,  sandy  soil. 
Granite,  gneiss,  and  mica-schists  abound  along  the  main  course  of  the  river,  witli 
clay  slate  in  the  upper  part  of  the  basin.  The  river,  like  others  on  the  southern 
slopes  of  Maine,  generally  has  a  rocky  bed,  particularly  where  falls  occur,  has  high 
banks  and  is  seldom  subject  to  overflow — all  of  which  are  features  of  advantage  in 
the  development  of  water  powers.  Below  Berlin  the  facilities  for  rail  transportation 
are  excellent.    Tide-water  navigation  extends  to  the  falls  at  Bnmswiok. 

ANDROSCOGGIN  RIVER  AT  ERROL.  DAM,  N.  H. 

Four  large  storage  dams  are  maintained  in  the  Umbagog-Rangeley  Lake  system. 
They  are  located  at  the  outlets  of  Rangeley,  Mooselucmaguntic,  Richardson,  and 
Umbagog  lakes.  Errol  dam,  at  the  outlet  of  Umbagog  Lake,  is  the  low^t  of  the 
series  and  is  below  the  mouth  of  Magalloway  River.  The  other  three  dams  control 
completely  the  flow  from  the  basin  above  Richardson  Lake,  aggregating  520  square 
miles  in  area,  Errol  dam  controls  in  part  the  run-off  from  a  total  area  of  1,090  square 
miles,  which  includes  the  area  tributary  to  Richardson  Lake  mentioned  above,  but 
its  height  is  not  sufficient  to  store  the  total  freshet  flow. 

The  United  States  Geological  Survey,  cooperating  with  Walter  H.  Sawyer,  agent 
of  the  Union  Water  Power  Company,  Lewiston,  Me.,  is  making  a  series  of  measure- 
ments of  flow  through  the  gates  at  Errol  dam.  A  continuous  record  of  gate  openings 
is  kept  and  when  a  sufficient  number  of  measurements  have  been  made  to  warrant 
the  construction  of  a  rating  curve  for  the  gates  a  continuous  record  of  flow  at  this 
point  will  l)e  available.  The  results  of  these  measurements  are  not  yet  ready  for 
publication. 

ANDROSCOGGIN  RIVER  AT  GORHAM,  N.  H. 

In  1903  the  Berlin  Mills  Company  constructed  a  tight  crib  dam  in  Androscoggin 
River  at  Gorham.  From  November  27,  1903,  until  the  end  of  the  year  estimates  of 
discliarge  were  obtained  by  means  of  a  rectangular  notch  constructed  in  the  dam, 
and  the  records  furnished  by  H.  S.  Ferguson,  engineer  for  the  company.  No  records 
of  flow  are  available  for  1905  at  this  point.  The  drainage  area  here  is  1,375  square 
miles. 

Information  in  regard  to  this  station  ia  contained  in  the  following  Water-Supply 
Papers  of  the  United  States  Geological  Survey: 

Description:  97,  p  60:  124,  p  7r». 
Discharge,  daily:  97,  p60. 

AXDROSC'OGGIX  RIVKR  AT  SIFELBURNE,  N.  H. 

This  station  was  established  May  30,  1903,  by  N.  C.  ( Jrovcr.  It  is  located  at  the 
steel  highway  bridge  about  one-half  mile  north  of  the  railway  station  at  Shel- 
burne,  N.  U. 

Tiie  channel  of  the  river  is  straight  for  500  feet  above  and  1,000  feet  l)elow  the  sta- 
tion, is  about  400  feet  wide  at  onlinary  sUiges,  and  is  broken  by  two  piers.  The  l)tnl 
of  the  stream  is  sandy  and  usually  i)ernianent,  but  in  case  of  serious  obstructions  to 
the  cliannel  by  ice  or  logs  noticeable  changes  take  place.  The  velocity  is  swift  at 
high  stages,  ])iit  becomes  low  and  j)oorly  distributed,  with  considerable  obliquity 
during  medium  and  low  water  conditions.  The  Ijanks  on  both  sides  are  subject  to 
overflow  in  extreme  freshets. 

Discharge  measurements  are  inaxle  at  high  and  ordinary  stages  from  the  bridge. 
The  initial  point  for  soundings  is  on  the  l<*ft  bank  of  the  river  at  the  end  of  the 
inclined  end  post  of  the  downstream  truss.     Low-water  measurements  are  made  from 
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boat  at  a  point  about  1,000  feet  below  tlie  bridge,  where  an  excellent  site  exists  for 
aging. 

The  gage,  which  is  read  twice  each  day  by  James  Simpson,  is  a  standard  chain 
lige  attached  to  the  guard  timber  on  the  downstream  side  of  tlie  bridge.  The  length 
I  the  chain  was  20.66  feet  when  the  gage  was  established.  This  was  trbanged  to 
0.72  feet  on  August  4, 1904,  owing  to  a  change  in  the  flooring'of  the  bridge  and  con- 
equently  in  the  position  of  the  gage.  It  is  referred  to  bench  marks  as  follows:  (1) 
riarked  point  on  south  edge  of  westernmost  cylindrical  pier;  elevation,  17.82  feet. 
2)  Marked  point  on  lower  chord  near  gage;  elevation,  18.77  feet.  (3)  Highest  point 
f  bowlder  near  easternmost  pier;  elevation,  7.14  feet.  All  elevations  refer  to  the 
atam  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply 
^apers  of  the  United  States  Geological  Survey: 

DescripUon:  97,  p  61;  124,  p  76. 
Diachaige:  97,  p  61;  124,  p  77. 
Gage  heights:  97,  p62;  124,  p  77. 

Discharge  meaguremenJbs  of  Androscoggin  River  at  Shelhumey  N.  H.,  in  1905. 


Date. 


prU26 

ilyl4 

ugxistl 

o^twt  ] 

Ug1Ut2 

o^^ust  3 

ctoberl8a 


Hydrographer. 


F.  E.  Preewy 

....do 

H.  K.  Barrows 

....do 

Barrows  and  Norcross  . 

T.  W.  NorcrosB 

Barrows  and  Norcrowi . 


Width. 

Area  of 
nection. 

Mean 
velocity. 

hei^*t. 

Dis- 
charge. 

Fret. 

Sq.fcet. 

Ft.  per  sec. 

F^et. 

Sec-feet. 

894 

1,335 

2.68 

6.34 

3,580 

392 

1,150 

1.91 

4.62 

2,200 

394 

1,760 

3.11 

6.11 

5,480 

3M 

1,850 
1,470 

3.38 
2.63 

6.39 
6.37 

6,240 

391 

3,860 

394 

1,290 

2.18 

4.93 

2,810 

3^1 

1,050 

1.58 

.« 

1,660 

o  Measurement  in  third  span  made  from  upstream  side  of  bridge. 
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Daily  gage  height,  in  feet,  of  AndroMcoggin  River  at  ShMunie^  X.  If.,  for  1905. 


8. 
9. 
10. 


12. 

13. 
14., 
16. 
16., 
17., 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 


27. 


Day. 


Jan.      Feb.  '  M«r.     Apr*     Mft;. 


6.7 


6.6 


6.06 


29. 
30. 


6.7 


6.4 


6.4 


6.3 


5.2 


6.6 


7.8 


7.2 
6.1 
6.1 


6.2R 

ew 

7,45 

7.  A 

7.36 

7.2 

7.2 

7.2 

7.1fi 

XO 

6.9 

n.9 

6.7 

6.fl 

6.4 

6.2 

6.1 

5.S 

B.* 

5.7 

6.7 

.14 

5.15 

5.0 

5.0 

4.9 

4.  <»5 

4.9 


June. 

4.S 
4.B 

4.75 

4.75 

4.^ 

4.7 

4,7 

4.0 

4.6 

4.6 

4.5 

4.5 

4.55 

5.© 

5.45 

li.O$ 
4.9 

4.g 

4,7 

4.6 

4.« 

4.85 

4.9 

4.9 

5. 05 

5.3 

5.  15 

5.  0.5 

4.9 


Jul\.     Auk.     Sept. 


4.8 

4.8 

4.8 

4.85 

4.7 

4.8 

4.8 

4.8 

4.8 

4.9 

4.8 

4.75 

4.75 

4.6 

4.5 

4.3 

4.4 

4.5 

4.5 

4.4 

4.4 

4.4 

3.65 

4.4 

4.4 

4.2 

4.2 

4.2 

1.25 

4.0 

7.*.»5 


6.55 

5.25 

4.9 

4.8 

4.8 

4.55 

4.65 

4. 55 

4.6 

4.5 

4.5 

4.5 

3  8 

4.5 

4.6 

4.96 

4. 95 

4.8 

4.55 

4.35 

4.4 

4.4 

4.4 

4.35 

4.4 

4.4 

4.4 

4.  5 

4.4 

4.  rv5 

4.8 


4.7 

4.6 

4.8 

4.8 

4.6 

4.  55 

4.5 

4.4 

4.4 

4.3 

4.4 

4.4 

4.5 

4.5 

4.4 

4.5 

4.5 

4.9 

4.8 

4.5 

4.5 

4.45 

4.4 

4.3.5 

4.5 

4.5 

1.4 

4.4 

4.45 

4.4 


O't. 

4.3 

4.3 

4.2 

4.3 

4.3 

4.3 

4.25 

4.3 

4.3 

4.3 

4.4 

4.S 

4.&5 

4.5 

5.0 

4.5 

4.15 

4.1 

4.25 

4.1 

4.1 

4.15 

4.35 

4.2 

4.25 

4.2 

4.3 

4.3 

1. 25 

4.4 

4.3.5 


Nov,  iHv. 

4.3  ,     1.6 

4.3  4.45 

4.3  ;    4.r» 

4.3  4.6 

4.3  4..T6 

4.2  4.65 

4.3  4.6 
4.3  4.45 
4.3  4.3 
4.3  4.2 
4.3  5.7 

4.1  7.35 

4.2      

4.1      

4.1      

4.15    

4.2  7.1 

4.2      

4.2      

4.2      

4.2      

4.2.^    

4.2      

4.3  7.2 

4-3    I 

4.2      

4.3     

4.2      

4.25    

4.2".  ;...- 

6.3 


Note.— River  frozen  .Tnnnnry  1  to  Mnreh  30  nnd  Decein)>er  13-31,  also  Icr  eondltioiis  December  l;!^ 
During  the  frozen  periiwl  gage  heights  were  read  to  the  surface  of  the  water  in  a  hole  cut  in  iht- ice. 
The  following  comparative  readings  were  made: 


Date. 


January  1  . . 
January  8  . . 
January  15  . 
January  22  . 
January  29  . 
February  5  . 
February  12 
February  19 
Fel)ruary  2») 
xMarch  5  . . . . 
March  12  ... 
March  19  ... 

March  2<\ 

DecemlK-r  17 
I)eccni])er2t 
December  31 


March  J*.',  water  llnwingun  top  of  ice;  ice  jam  below  gage, 
anchor  ice  caaseil  rise. 


Water 
.surface. 

Top  of 
ice. 

Thick- 
ness of 
ice. 





-— - 

Ftff. 

Ffci. 

Ftrt 

«;.7 

7.1 

1.9 

6.  05 

6.45 

Y' 

r..7 

6.9 

2.1 

6.4 

6.8 

■2.1 

5.  7 

6.5 

■-'. «' 

6.6 

6.9 

3.1 

6.5 

6.7 

3.2 

6.4 

6.7 

.S.0 

6.7 

6.9 

3.1 

6.3 

6.6 

3.2 

5.2 

6.3 

•2.9 

6.6 

6.8 

2.7 

7.8 

7.8 

2-^ 

7.1 

7.25 

.* 

7.2 

7.35 

.6 

6.3 

6.4 

.3 

river  clea 

r.     Decen 

bi>r  11-12. 
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I  rating  tnbU  fiir  AniJroscoggin  River  at  Shelbume^  X.  If. ^  from  May  SO,  190Sy  to 
December  SI,  1905. 


Gage 
height. 

Discharge. 

Gage 
height. 

Dinchaige. 

Gage 
height. 

Discharge. 

height. 

Discharge. 

Feet. 

Second-fed. 

Fed. 

Seeond/eet. 

J^d. 

Sectmd-frd. 

Fed. 

Seeond/eet. 

3.90 

1,100 

4.90 

1          2.680    , 

5.90 

4,970 

6.90 

7,660 

4.00 

1,212 

5.00 

2.890 

6.00 

5,225 

7.00 

7.950 

4.10 

1,336 

5.10 

3,105 

(\.  10 

5,480 

7.20 

8.530 

4.20 

1,472 

5.20 

8,325 

6.20 

5.710 

7.40 

9.130 

4.30 

1,618 

5.30 

3,M5    1 

6.30 

6,000 

7.60 

9,rJ0 

4.40 

1,774 

5.40 

3,775 

6. 40 

6,265 

7.80 

10,330 

4.50 

1,988 

5.50 

•          4,005 

6.50 

6,535 

8.00 

10,930 

4.60 

2,110 

5.60 

4,240 

6.60 

6,810 

8.20 

11,550 

4.70 

2,290 

5.70 

i          4.480 

(•).  70 

7,090 

H.40 

12. 170 

4.  MO 

2,480 

5.80 

4,725 

6.80 

7. 375 

i        8.60 

12,790 

^.— The  above  table  i«  applicable  only  for  open-channel  comlitlon.s.  It  Ij*  bused  on  13  di;»charge 
remenLs  made  during  1903-1905.  It  U  well  defined  Iwtween  gage  heights  4.3  feet  and  7.7  feet, 
mewhat  uncertain  below  4.3  feet. 


fUed  monthly  Oi9charge  of  Arulro^coggin  River  at  SJielhumVj  X.  If. j  for  190^3-1.905. 
[Drainage  anti,  1,500  t«iuare  mlU^.] 


Month. 

Diwrharge  in  »econd-fe<'t. 

Run- 

)ff. 

Maximum. 

Minimum. 

1,049 
1,1.% 

Mean. 

2,800 
1.775 

Sfcond-feet 

I>er  .»*<iuare 

mile. 

1.87 
1.18 
1.07 

i.cm 

1.11 

1.08 

2. 37 
5.  5<; 
1.02 
1.35 
.  951 
1.21 
1.41 
1.10 

2.24 
3.99 
1.70 
1.53 
1.49 
1.31 
1.12 
1.02 

Depth  hi 
inches. 

1908. 

12,020 
2,480 
1,774 

i,«n8 

1.93« 
1,774 

8,095 
12. 790 
3. 105 
3,:525 
1,774 
1.9;i8 
3,105 
2.  l>*0 

5.610 
9,280 
4,240 

2.09 

1.36 

t 

1.404           1.010 

1.23 

iber. . . 

T 

1,472 
1,472 
1,618 

.1,774 

1,547 
l,t56y 
1,020 

3. 563 

1.15 
1            1.28 

iber -- 

1.20 

>-30.... 

1904. 

1            l.W 

1 
3,105           S.334 

l,9:i8           2,420 

l,ir.O           2.020 

1.212  ;         1,426 

1,018           1.K13 

1,  cm           2,112 
1,336           1,»V>1 

2.200           3.359 

2.  r,80           5, 991 
1.938           2.0-11 

0.41 

1            1.81 

1.56 

t : 



1.10 

iber 

1            1.35 

»r 

1            1.63 

iber 

1. 23 

1905. 

1 

■            2. 50 

4.60 

1.96 

10,780                   862  '        2.29<» 
6.072                   998  I        2.235 

1.76 

t 

1.72 

ilM»r    

2,080               l.Olx 
2,sy0              l,:i36 
1.018               1.331*. 

1,970 
1,677 
1,527 

1.46 

r 

1            1.29 

iber - 

1.14 

:  —River  frozen  Novemlwr  28  to  Dciember  31. 1903:  .January  I  to  April  9  and  December  3-31, 
muary  1  to  March  30  and  Decem»H.'r  1-31,  1905.  Ksiimates  November  28-80, 1903,  corrected  to 
or  Influence  of  ice. 
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ANDROSCOGGIN  RIVER  AT  RUMFORD  FAI.I.S,  ME. 

One  of  the  finest  water  powers  on  the  Atlantic  coast  drainage  is  at  Ram  ford  Falk 
Here  the  Androscoggin  descends  177  feet  in  1  mile  in  several  pitches  overgnmite 
ledges.  A  comprehensive  plan  of  development  has  been  laid  out  and  partly  executed 
It  contemplates  the  use  of  power  from  three  levels— a  high-level  canal,  with  i 
fall  of  97  feet  to  the  middle  level,  which  receives  also  a  direct  and  independent  sap- 
ply  of  water  from  the  river.  The  water  in  the  middle-level  canal  is  then  used  and 
discharged  after  a  fall  of  50  feet  into  the  low  level,  from  which,  in  turn,  there  is  i 
final  drop  of  30  feet  to  the  river.  Dams  have  been  built  at  the  entrance  of  the  high 
and  middle  level  canals.  At  present  about  19,000  horsepower  are  utilized,  laigely 
in  the  manu&usture  of  pulp  and  paper.  An  economical  development  of  the  entire 
fall  of  177  feet  would  furnish  50,000  horsepower.  This  power  is  85  miles  by  nil 
from  Portland,  and  for  pulp  and  paper  mann^ture  has  tlie  advantage  of  excellent 
transportation  facilities.  Androscoggin  River  is  used  for  floating  pulp  wood  and 
timber  from  the  headwaters  down  to  the  mills,  and  the  Rumford  Falls  and  Rangeler 
Lakes  Railroad  makes  available  the  remoter  resources  of  spruce,  poplar,  and  birch. 

The  discharge  of  Androscoggin  River  at  Rumford  Falls  since  1892  has  been  com' 
puted  by  Charles  A.  Mixer,  resident  engineer  of  the  Rumford  Falls  Power  Companr- 
These  statistics  are  obtained  by  adding  the  actual  measored  quantities  paaong 
through  the  wheels  to  the  computed  flow  over  the  dam,  using  the  customary  Fnuuic 
weir  formula  wich  modified  coefficient 

Information  in  regard  to  this  station  is  contained  in  the  following  publications  oi 
the  United  States  Geological  Survey  (Ann  =  Annual  Report;  W8  =  Water-SappL^ 
Paper): 

DeflcrlpUon:  Ann 20. It, pM;  W8  27,p9;  85.p27;  47,pp 81-32;  66,p20;  82,p42;  97,pp 62-68;  124.p7& 

Discharge,  daily:  Ann  20,  iv.  pp  67-60;  W8  27,  pp  14-16;  85.  p  28;  47,  p  82;  65.  p  21;  82,  p  43;  97.  p  61. 

Discharge,  monthly:  Ann  19.  It,  pp  98-04;  20.  It,  p  70;  21.  iv.  p  57;  22,  iv,  p  60;  WS  75.  p  22;  82.  p  4S. 

Discharge,  yearly:  Ann  20,  iv,  pp  46,  71. 

Hydrographs:  Ann  19,  iv,  pp  94,  95;  20,  iv.  p  67;  21,  iv,  p  57:  22,  iv,  p  6L 

Rainfall  and  nm-off  relation:  Ann  19,  iv,  pp  96-97. 

Rainfall  data:  Ann  21,  iv,  p  57. 

Water  powers:  Ann  19,  iv,  pp  90-01. 
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fcharge,  in  seeond-feetf  of  Androscoggin  River  at  Rumford  Falh,  3/ip.,  for  1906. 


Jan. 

Feb. 

Mar. 

Apr.    j  May. 

June. 

July. 

Aug. 

Sept. 

.. 

2.027  !  1.720 

1.500 

10,288  '  6,486 

2,889 

2.904 

14,784 

2,492 

..   2,082  1  1.715 

1.442 

6,230  :  5.843 

2,875 

3.164 

6,208  j  2,078 

2.184  :  1,697 

1.398 

4,968     5.867 

2,791 

5,(KI9 

3.882  '  2,523 

1.932     1.7IK 

1.404 

4.910     8.245 

2,369 

4,403 

8,207     6,254 

1.709  :  1.6W 

1.866 

4.182     8.435 

2,681 

3,963 

2,804     4.735 

1.7S2     1.527 

1.257 

5,194     7,639 

2,813 

3,254 

2,560     3,446 

.-    1,798     1,709 

1.818 

6,217     8.661 

2,939 

3,107 

2,386     2,976 

..    1.906  :  1,61ft 

1,229 

4.885     8,127  |  2.727 

2,759 

2,840     2,629 

..   1.982  :  1.646 

1.210 

4.127 

7,924     2,531 

2.512 

3.085 

2.389 

...   2.115  ;  1.582 

1,201 

4.291 

8,110     2.257 

2,719 

2.832 

2,164 

...   2,100 

1.570 

1,220 

5.994 

7,924     2,093 

2.716 

2,451 

1,W7 

...,  2,«r7 

1,420 

1.218 

5,807 

7,729  '  2,801 

2,800 

2.307 

1,979 

2,009 

1,490 

1,087 

5,799 

6,817 

4.412 

3,034 

2,059 

2.695 

2,002  !  1.668 

1.265 

6,938 

5,928 

5.412 

2,807 

2,172 

2,415 

1,918  !  1.516 

1,124 

5,845 

5,528 

4,180 

2,195 

2,231 

2,104 

1.849 

1.512 

1,062 

5,121 

5,426 

3,689 

2,086 

3,088 

2,001 

2.016 

1,494 

1.045 

4,504 

5,139 

3,448 

2,135 

4,036 

1,866 

1.917 

1,516 

1,067 

3,857 

4.966 

3.277 

2,185 

2.989 

3,321 

1,931 

1.481 

1,330 

3,582 

5,313 

3,389 

1,927 

2,634 

4,767 

1.905 

1.889 

2,375 

3.468 

4,696 

3,310 

1,889 

2,091 

3.608 

1,960 

1,629 

2,020 

4,853 

4,965 

3,012 

1,910 

1,986 

3,311 

1,861 

1,550 

1.754 

9,087 

4.416 

3.010 

1.747 

1.941 

3,062 

1,865 

1.578 

1.665 

7,070 

3,838 

3.000 

1,544 

1,T72 

2.866 

1,909 

1,576 

1,603 

5,649 

3,647 

2,808 

1,167 

1,799 

2,413 

... 

1.844 

1.585 

3.145 

4.615 

3,606  '  2,536 

1.660 

1,799 

2,421 

1,792 

1,527 

7.139 

4,636 

3,482  :  3,64M 

1.689 

1,743 

2,392 

1,726 

1,460 

7,135 

4,600 

3,736     6,541 

1.540 

1,976 

2,239 

1,761 

1,596 

7,445 

4.6a5 

3,816  '  4,652 

1,492 

2,703 

2,339 

1,791 

8,171 

4,683 

3,619     3,712 

1.480 

2,286 

2,097 

1,674 

9.295 

5,470 

3.326     2,916 

1,747 

1,988 

1.979 

1,803 

12,898 

3.099 

17,623 

2,166 

(K't.     Nov.     Dec. 


1,765 
1.699 
1,863 
1,838 
1,696 
1.631 
1.G14 
1,470 
1,599 
1.634 
1,709 
2,447 
3,081 
2,686 
2,310 
2.261 
2,162 
2,127 
2,177 
2,328 
2,334 
2,089 
2,083 
2.087 
2.034 
1.990 
1,978 
1,964 
1,950 
1,861 
1.921 


1,866 
1,910 
1,866 
1,958 
1.897 
:  2,167 
2,166 
2,1»1 
2.095 
2,151 
2,064 
2.001 
2,096 
2,103 
1,686 
2,097 
2.245 
1,838 
1.710 
1,776 
1,794 
1,992 
1,974 
2,012 
2,270 
2,502 
2,648 
1,776 
2,340 
2,664 


1,665 
2,033 
2,511 
3,909 
2,648 
2,536 
2,636 
2,435 
2,344 
2,004 
1,634 
1,762 
1,816 
2,007 
1,785 
1,711 
1.734 
1,721 
1,890 
1,899 
1,870 
1.795 
1.926 
1,989 
1,790 
1,744 
1,870 
1,796 
1.798 
1,934 
1.998 


nUd  monthly  discharge  of  Androscoggin  River  at  Rumford  Falls,  Me.,  for  19<)/i. 
[Drainagre  area.  2.090  nquare  milen.] 


Month. 


DisfharRc  in  Hecond-feet. 


Maximum.   Minimum.     Mean. 

i 


(year 

IB  166— 06 6 


2. 131 
1,720 
12,390 
10,290 
8,661 
6,641 
17,620 
14,780 
6,264 
3,081 
2.661 
3.909 


.'  17,520 

I  I 


1,674 
1,389 
1,037 
3,468 
8,099 
2.093 
1,167 
1,743 
1,866 
1,470 
1,686 
1,634 


1,087 


Run-off. 


Second-feet 

ersnu 

mile 


per  square 
miU 


1.907 
1,672 
2.836 
6,360 
6,686 
3.286 
2,937 
2,990  ; 
2,777  i 
2,008  \ 
2,058  j 
2.035  I 


2,953  I 


0.912 
.762 

1.36 

2,66 

2.72 

1.67 

1.41     i 

1.43 

1.33  , 
.961  ; 
.985  i 
.974  ; 


1.41 


Depth  in 
inches. 


1.06 
.783 
1.67 
2.86 
3.14 
1.76 
1.63 
1.65 
1.48 
1.11 
1.10 
1.12 

19.24 
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ANDROSCOGGIN   HIVEH  AT  DIXFIELD,   ME. 

This  station  way  established  August  22,  1902,  by  F.  E.  Pressey.  It  is  located  aboat 
one-half  mile  west  of  Dixfield,  at  the  highway  bridge  on  the  road  to  West  Peru. 

The  channel  is  straight  for  1,000  feet  above  and  one-half  mile  below  the  stationand 
is  about  600  feet  wide,  broken  by  three  piers.  The  banks  are  hisjh  and  not  liable  to 
overflow.  The  bed  of  the  stream  is  rocky  in  the  left  half  and  sandy  in  the  right  half. 
The  velocity  is  medium  at  high  stages,  but  is  poorly  distributed  at  low  water  when 
the  current  is  sluggish  in  the  right  half. 

Discharge  measurements  are  made  from  the  bridge  at  high  and  ordinar}'  stages. 
The  initial  point  for  soundings  is  the  lower  end  of  the  inclined  end  post  of  the  down- 
stream truss  on  the  left  bank.  Low-water  measurements  are  made  from  the  brid(?e 
for  only  the  two  left-hand  portions  of  the  channel,  while  the  remaining  part  is  gaged 
by  wading  at  a  point  about  250  feet  downstream,  this  being  made  possible  by  a  sandy 
bar  separating  these  two  parts. 

A  standard  chain  gage,  which  is  read  twice  each  day  by  S.  F.  Robinson,  i^  fastened 
to  the  guard  timber  on  the  lower  side  of  the  bridge.  The  length  of  the  chain  is  31.76 
feet.  It  is  referred  to  bench  marks  as  follows:  ( 1 )  Southeast  comer  of  bridge  reaton 
north  abutment;  elevation,  24.77  feet.  (2)  Copper  bolt  in  ledge  under  east  end  of 
bridge;  elevation,  11.53  feet.  (3)  Top  of  short  post  at  west  hanger  in  east  span; 
elevation,  33.15  feet  when  gage  was  established;  found  to  be  33.08  feet  August  3, 1904, 
probably  due  to  settling  of  the  post     All  elevations  refer  to  the  datum  of  the  gage. 

Infonnation  in  regard  to  this  station  is  contained  in  the  following  Water-Supply 
Papers  of  the  United  States  Geological  Survey: 

Description:  82,  p  41;  97,  p  64;  124,  pp  78-79. 
Discharge:  82,  p  41;  97,  p  64;  124,  p  79. 
Discharge,  monthly:  97,  p  66. 
Ga^e  heights:  82.  p  41;  97,  p  65;  124,  p  79. 
Rating  table:  97,  p  65. 

Discharge  mecumreinentit  of  Androscoggin  Kirer  at  IHxfieldy  Me.^  hi  1905. 


Date. 


Uydrographer. 


April  25 F.  E.  I'reasey . . . 

August  17 do 

August  IH do 

September  13  . . ' do 

Sfptcnibor  14 do 

."^opt  ember  15 do 

October  27" H.  K.  Harrows. 


vviHfh  I  Area  of       Mean    |     Gage  Dis- 

" '"'"I  section,     veloi'ity.     height,     clmnff 


ft. 

Sii.fect. 

Ft.  per  tec. 

F^a. 

."itc.-frti. 

48,^^ 

2,860 

2.39 

9.42 

6,  MO 

47S 

2, 770 

1.94 

9.24 

5.») 

479 

2,490 

1.49 

8.72 

i,-KO 

471 

%'m 

1.14 

8.25 

'i:ii) 

\m 

2, '290 

1.16 

8.31 

■l.*^i 

457 

2.160 

1.07 

8.11 

•2.310 

;iHi 

1,290 

1.60 

7.94 

•2,(»* 

a  Wading  in  two  ehannels. 
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T>nily  gage  height^  in  feet,  of  Androscoggin  River  at  DixfieJd,  Me,y  for  1 90S. 


D»y. 


Jan.  I  Feb.  I  Mar.  '  Apr. 


I 


9.9  ; 


9.9 


9.9 


9.8 


9.8  I , 


K.. 

9.8 

»....                  i 

10.1 
10.1 

» 

L.. 

J 

9.8 

> 

I 

9.8 

r.    1 

i 

10.0 

K... 

) 

I 

10.0 

■ 

9.4 

' 

; 9.7 

9.9   

r. . . 

1 
1 

9.0 

9.0 

8.85 

9.05 

8.85 

8.7 

7.8 

7.6 

7.55 

7.55 

8.66 

8.6 

8.1 

8.15 

8.1 

8.6 

10.85 

11.25 

10.85 

10.75 

10.9 

11.45 


11.6 
10.2 
9.65 
9.55 
9.3 
9.4 
10.1 
9.6 
9.25 
9.25 
9.85 
9.8 
9.85 
9.85 
9.85 
9.6 
9.4 
9.1 
8.85 
8.85 
9.15 
10.6 
10.15 
9.65 
9.4 
9.85 
9.5 
9.5 
9.5 
9.6 


May.    June. 


9.9 
9.9 
9.7 
10.25 
10.6"> 
l'J.25 
10.45 
10.55 
10.35 
10.3 
10.25 
10.15 
10.0 
9.7 
9.65 
9.65 
9.55 
9.5 
9.75 
9.85 
9.55 
9.25 
9.1 
8.9 
8.9 
8.9 
8.95 
9.1 
8.85 
8.9 
8.7 


8.55 

8.65 

8.45 

8.4 

K.4 

H.:t 

8.75 

8.4 

8.35 

8.2 

8.35 

8.5 

9.25 

9.46 

9.2 

8.9 

8.7 

8.7 

8.65 

8.7 

8.65 

8.7 

8.6 

8.56 

8.4 

8.45 

9.95 

9.55 

9.05 

H.76 


July.     Aug.  !  Sept.  I  Oct.     Nov.     Dec. 


8.6 
8.6 
9.36 
9.3 
8.96 
8.8 
8.7 
8.46 
8.36 
8.3 
8.86 
8.4 
8.65 
8.55 
8.25 
7.96 
8.05 
8.2 
8.05 
8.0 
8.0 
7.95 
7.75 
7.55 
7.76 
7.9 
7.8 
7.7 
7.7 
7.75 
10.45 


12.95 
10.56 
9.2 
8.76 
8.55 
8.4 
8.3 
8.46 
8.6 
8.55 
8.3 
8.2 
8.1 
8.16 
8.2 
8.3 
9.15 
8.66 
8.36 
8.05 
7.95 
7.95 
7.85 
7.9 
7.85 
7.8 
7.8 
8.36 
8.3 
8.05 
8.0 


8.26 

8.1 

8.05 

9.9 

9.25 

8.95 

8.66 

8.45 

8.3 

8.1 

7.95 

8.05 

8.25 

8.3 

8.1 

8.0 

8.0 

8.4 

9.65 

9.0 

8.9 

8.76 

8.45 

8.15 

8.1 

8.2 

8.16 

8.15 

8.15 

8.0 


7.9 

7.75 

8.0 

7.9 

7.9 

7.8 

7.7 

7.75 

7.85 

7.85 

7.86 

8  05 

8.85 

8.45 

8.15 

8.1    I 

8.16  I 

8.0    I 

8.0    I 

8.16  j 

8.15  ! 

8.2 

8.1 

8.U6 

8.0 

8.0 

8.0 

8.0 

7.95 

7.9 

8.0 


8.0 

7.95 

7.96 

7.96 

8.1 

7.95 

8.15 

8.1 

8.1 

8.1 

8.05 

8.0 

8.1 

8.16 

7.8 

7.95 

8.25 

8.2 

7.9 

8.0 

8.1 

8.0 

8.0 

8.0 

8.15 

8.45 

8.36 

8.3 

7.9 

8.3 


8.16 

8.4 

8.35 

9.0 

9.05 

8.5 

8.5 

8.46 

8.3 

8.15 

8.1 

8.1 

8.15 

8.1 

8.1 

9.0 


8.1 

H.l 

8.1 

8.1 

8.1 

8.7 

8.15 

8.2 

8.2 

S.2 


Norx.—RiTer  frosen  January  1  to  March  10,  when  it  was  open  at  the  gage,  and  clear  of  ice  March 
^  Anchor  ice  during  the  flrrt  part  of  December.  River  frozen  December  15-22,  and  open  at  gage 
^^eember  22-81.  Dunng  frosen  season  gage  heights  were  read  to  the  (nirface  of  the  water  in  a  hole 
Qt  In  the  ice.    The  following  oomparauvc  readings  were  taken: 


*nnwy«,8,12. 
•notryiV.21.. 

•DQtly22. 

*nqtTy28 

SttwySl 

Snary3,e... 

SJUMylO 

S?MUTl3 

.2!!>«»nri» 


Date. 


Water    '   Top  of       '^^^^^ 


Hurfaee. 


Feet. 


lice. 


ne.<»)of 
ice. 


Feet. 


10.1 

10.2 

10.0 

10.2 

10.0 

10.2 

9.9 

10.1 

9.9 

10.2 

9.8 

10.3 

9.8 

10.1 

9.8 

10.0 

9.4 

9.5 

Feet. 


1.3 
1.4 
1.4 
1.5 
1.6 
1.8 
1.8 
1.9 
1.8 
1.8 
1.8 
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Station  rating  table  for  Androscoggin  River  at  Dixfiddj  Me.^  from  January  /,  i90^,  to 

December  SI,  1905. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 
Secand/eet. 

1     Gage 
height. 

Discharge. 
Second-Sect, 

; 

1     Gage 
height. 

Duifharge. 

FcH. 

Second-feet. 

Feet. 

Feet. 

Second-Jed. 

7.30 

l.OfiO 

8.50 

3,150 

9.70 

7,080 

1      10.90 

12,310 

7.40 

1,200 

8.60 

3,410 

9.80 

7,470 

11.00 

12.800 

7.50 

1,330 

8.70 

3,680 

9.90 

7,870 

11.20 

13,810 

7.60 

1,470 

8.80 

3,970 

10.00 

8,280 

11.40 

14,840 

7.70 

1,620 

8.90 

4,270 

10.10 

8,700 

11.60 

15,880 

7.80 

1,770 

9.00 

4,580 

10.20 

9,130 

11.80 

16,940 

7.90 

1,930 

9.10 

4,900 

1      10.30 

9,560 

12.00 

18,000 

8.00 

2,100 

9.20 

5,230 

1      10.40 

10.000 

12. 20 

19.060 

8.10 

2,280 

9.30 

5,580 

1      10. 50 

10.450 

12.40 

20,130 

8.20 

2,480 

9.40 

5,  WO 

10.60 

10.900 

12.60 

21.210 

8.30 

2.690 

9.50 

6,810 

10.70 

11.260 

12.80 

22.300 

8.40 

2.910 

9.60 

6,690 

10.80 

1 

11,830 

13.00 

23.400 

NoTB.— The  above  table  is  applicable  only  for  open  channel  conditions, 
charge  measurements  made  during  1903-1905.    It  is  fairly  well  defined. 


It  i.s  based  on  nlDedii- 


Estimated  monthly  discharge  of  Androscoggin  River  near  IMxfidd,  Me.,  for  1904^5. 
[Drainage  area,  2,280  square  miles.] 


Month. 


Discharge  in  second-feet.        I 


Run-off. 


I  Maximum. 


Minimum. 


Mean. 


Second-feet  ip^thja 
I  persc^uare  ,  j„^ej. 


mile. 


March  26-31  ... 

April 

May 

June 

July 

August 

September 

October 

November 

December  1-10. 


190.'). 


Mareh  (10-31) 

April 

May 

June 

July 

Au^ist 

September 

October 

November 

DecMiiher  i-l.\  2_'  'M 


19,320 

3,970 

10,160 

4.56    1 

1.02 

27,  (KK) 

3.  l.V) 

8,210  1 

3.6^ 

ill 

23, 120 

4,120 

13,520 

6.06    ' 

6,99 

4,425 

3,030 

3.584 

1.61 

!.« 

4.  425 

l,-265 

2,461  ' 

1.10 

ir> 

4. 710 

1,330 

1.792  J 

.801 

.% 

5, 065 

1,080 

1,911 

.857 

.^ 

]8,a."iO 

1,515 

2,9fi2  j 

1.33 

1.3 

2,5M5 

1,695 

2,014 

.9t« 

1.01 

8.2>>0 

1,  .M5 

2,986  1 

1.34 

.«8 

i:>.  100 

1,400 

5,732  ' 

2,57 

iW 

15.SK0 

4.  120 

6,971  ' 

3.13 

i& 

10.  (W) 

.H,  fvSO 

6.wyj 

3. 12 

3.60 

S,  075 

2,  4S() 

3.S38  ' 

1.72 

l.!C 

i0.2-J() 

1,  1(!0 

2,979 

1.34 

1..=>1 

2.S.  120 

1 .  770 

3,6-lG 

l.a 

l.^* 

7.  H70 

2.015 

3. 1.S8  j 

1.41 

I.s: 

4, 120 

1 .  r,20 

2.]rK) 

.969 

1.1.' 

:;.  O'M 

1,770 

2,253  1 

1.01 

1.15 

4.740 

2,  '2S0 

2,  7-28 

1.22 

I.IJ 



_  _  ._ 

f 



NoTK.— Kivt-r  froze!!  JHi!Uary  1  to  Mareh  26  Jiud  Di-eember  11-31,1904.  K»*limHtes  for  March .«"° 
l)eeen!ber.  1905.  liable  to  s<jme  error,  owing  to  iee  eoudilioiis  on  the  river.  (See  nofe  u»  gagi^b^'^" 
table,  p.  83.  j 
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PRESUMP8COT  RIVER  DRAINAGE  BASIN. 
I>ES(*RIPTION  OF  BASIX. 

'reBompficot  River  is  one  of  Uie  iiioflt  inten^Htiii^  an  well  on«»  <»f  the  l^est  water- 
rer  etreains  of  its  size  in  the  United  Staten.     It  is  the  outlet  of  Selwjro  I-Ake,  which 

alx>ut  17  miles  northwef<t  of  Portland.  The  lake  if  fe<l  by  Crooked  River,  a 
sain  heading  35  niilee  farther  north  and  within  3  inileH  of  the  Androwogjijiii.  The 
a  of  the  lake  is  46  square  milen;  the  total  water  mirface  on  the  drainage  banin  in 
yjoare  milep;  the  area  of  the  drainage  butfin  at  the  outlet  of  the  lake  in  42()  wiuare 
es,  and  at  the  mouth  of  the  river  600  st^uare  luWefi.  The  northern  part  of  the 
in  is  mountainous  and  wooded;  the  southern  part  is  in^xierately  hilly  and  ('leartnl 
trees.  Granite,  gneiss,  and  mica  schists  apin^ar  at  many  ]K)intH,  and  the  Hoil  is 
velly  and  sandy. 

Iccording  to  the  survey  made  by  Joeepli  A.  Warren,  of  Cimilx»rland  Milln,  the  fall 
m  the  crest  of  the  stone  dam  at  the  foot  of  Sebago  F^ke  to  mean  low  tide  at  the 
tof  the  lower  foils  is  265.16  feet  in  a  distance  of  21.65  miles,  or  an  average  of  12.25 
t  per  mile. 

during  the  past  few  years  several  new  developments  have  been  ma<le  along  the 
fer,  so  that  the  only  portion  now  unimprove*!  is  the  fall  of  56  feet  between  Great 
lis  and  Gambo  Falls. 

Che  tributaries  of  Presumpscot  River  are  not  of  much  importance,  but  some  of 
im  are  outlets  of  ponds  and  have  considerablt*  fall,  thus  affording  constant  though 
all  piiwer.  Crooked  River,  the  chief  fee<ler  of  Sebago  l^ke,  has  a  number  of  falln, 
ne  of  which  are  utilized. 

The  chief  interest  attaching  to  the  river  is  its  regularity  of  How,  which  is  due  to 
ms  at  the  outlet  of  the  lake.  Nowhere  in  the  Tniteil  States  is  there  ii  l>etter 
ample  of  the  success  of  storage  of  water  and  n*gulation  of  the  flow  of  a  stream  than 

the  Presumpscot 

PRES*UMPSCX>T  RIVER  AT  OUTLET  OF  SKBAfJO  LAKE,  MAINE. 

ince  January,  1887,  the  flow  from  Sebago  I^ke  hiw  bet»n  regularly  reconle<l,  the 
antity  being  deduced  during  most  of  this  time  from  the  ojxMiings  in  the  gates  at  the 
m,  the  discharging  cafiacity  of  which  under  different  conditions  of  head  has  bet'u 
termined  and  tabulated  by  Hiram  F.  Mills,  of  I^>well.  In  March,  llMM,  Messrs. 
D.  Warren  &  Co.  completed  a  hydro-eU^-tric  i>lant  at  VW\  Weir  Falls,  near  Sebago 
»ke,  bringing  water  directly  frr)m  the  dam  at  the  lake  by  means  oi  a  canal.  A  l>ead 
40  feet  is  thus  obtained  at  averagt^  lake  level. 

The  development  at  Eel  Weir  has  necessitated  a  «lifferent  metho<l  of  roconling  the 
'W  from  the  lake.  The  water  is  use<l  tlirough  three  i)airs  of  8.S-inch  Hercules 
^Is.  The  water  used  by  thest*  wheiHs  is  re<'onled  by  three  Allen  meters,  one  on 
ch  pair.  These  meters  wen?  rate<l  by  the  result  of  a  test  at  Holyoke  of  one  pair  of 
Bee  wheels. 

Since  the  station  was  finishe<l  the  performance  of  the  wheels  and  of  the  reconling 
^n  has  been  checked  by  careful  current-meter  readings  in  the  canal  and  bnike 
ts  of  the  wheels,  combined  with  elw'trical  readings  of  i\n\  generator  output.  The 
^rds  of  the  generator  out]>ut  of  the  station  are  kept' and  the  constant  ratio 
'Ween  these  readings  and  the  Allen  meter  reconls  givt^sa  g^xnl  check  on  the  latter, 
t  is  usually  desired  to  keep  a  constant  flow  through  the  canal,  and  Svhen  the 
Oands  for  power  are  not  sufficient  to  utilize  the  entire  flow  through  the  wheels 
excess  of  water  is  run  off  through  a  pair  of  regulating  gates  at  the  power  station, 
ioord  of  the  openings  of  these  giites  l)eing  kept  and  the  flow  computed  from  a 
ffident  detennined  by  current-meter  tests.  a 
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The  flow  at  times  from  the  lake  may  be  greater  than  it  is  safe  to  carry  through  the 
canal,  though  this  has  not  as  yet  happened.  At  such  times  it  will  be  necessary  t( 
draw  part  of  the  water  through  the  old  regulating  gates  in  the  main  dam. 

A  continuous  record  of  the  Sebago  Lake  level  has  been  kept  since  January,  W 
The  lake  fills  rapidly  after  March  1,  attaining  its  maximum  height  between  the  mic 
die  of  April  and  June  1,  and  then  gradually  subsides  as  water  is  withdrawn  for  ini 
purposes,  until  a  minimum  stage  is  reached — sometimes  in  the  autumn,  bat  usual 
in  the  winter. 

The  records  of  lake  level  and  dischaige  make  an  unusually  complete  and  valuat 
series  of  data.  These  have  been  furnished  from  time  to  time  by  S.  D.  Warren  &  O 
and  the  data  regarding  the  new  methods  of  measurement,  etc.,  is  from  a  descripti 
furnished  by  Joseph  A.  Warren. 

The  records  of  flow  from  1887  to  1901,  inclusive,  are  assembled  in  Water-Supp 
Paper  No.  69,  and  those  for  succeeding  years  may  be  foimd  in  Water-Supply  Pap' 
Nos.  82,  97,  and  124. 


Mean  daily  discharge^  in  second-feet,  of  Premimpscot  River  at  outlet  of  Sebago  Lake,  M 

for  J905. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov.  IX 

1 

473 
611 
497 
490 
503 
497 
604 
448 
496 
500 
497 
506 
500 
450 
345 
559 
508 
505 
495 
498 
483 
43H 
517 
487 
486 
493 
482 
482 
431 
494 
470 

636 
488 
470 
467 
397 
432 
437 
427 
420 
420 
410 
400 
442 
427 
407 
403 
408 
395 
3a5 
377 
388 
375 
375 
370 
:V)7 
365 
369 
357 

367 
361 
847 
350 
823 
340 
388 
333 
342 
335 
330 
332 
335 
330 
338 
330 
328 
3*22 
327 
332 
333 
J«5 
330 
330 
330 
247 
3(a 
370 
400 
421 
4,')! 

490 
267 
498 
667 
562 
448 
430 
475 
312 
517 
5a5 
457 
445 
510 
485 
360 
500 
500 
4a5 
490 
492 
5(L> 
368 
485 
467 
517 
502 
513 

5a-i 

347 



618 
622 
618 
517 
615 
617 
446 
512 
522 
5uu 
502 
498 
492 
450 
457 
608 
525 
512 
510 
493 
397 
503 
497 
49.S 
512 
197 
4H;i 
215 
573 
480 

600 
603 
600 
360 
492 
606 
510 
518 
505 
482 
385 
505 
516 
517 
515 
517 
510 
382 
512 
493 
512 
500 
.^7 
50;-) 

:^5 

508 
5-20 
4HS 
510 
503 

468 
400 

628 
427 
502 
607 
508 
502 
347 
487 
470 
467 
473 
478 
477 
365 
469 
473 
474 
471 

47:j 

472 
304 
475 
462 
467 
457 
4f».s 
463 
375 
490 

467 
482 
477 
460 
470 
358 
470 
460 
465 
467 
473 
475 
410 
470 
476 
472 
470 
472 
447 
457 
473 
473 
477 
468 
475 
470 
387 
465 
469 
462 
477 

465 
472 
368 
468 
4T7 
460 
475 
4?2 
460 
464 
483 
473 
480 
475 
477 
442 
405 
477 
478 
480 
480 
476 
464 
409 
471 
470 
472 
472 
470 
46:^ 

368 
470 
477 
470 
463 
468 
460 
425 
468 
478 
467 
477 
477 
473 
462 
453 
477 
497 
455 
458 
472 
372 
460 
463 
460 
455 
457 
453 
428 
443 
422 

390 

2 

448 

3 '. 

410 

4 

400 

6 

333  1 

6  

428 

7   

450 

8 

430 

9 

427 

10 

432 

11 

422 

12   

320 

13 

418 

14 

427 

15 

418 

16   

433 

17 

430 

18 

19 

20 

21 

425 
417! 
413 
410 

22 

4O0 

23 

24 

25 

26 

27 

403 
395 
397 
280 
410 

2M 

412 

29 

30 

412 
40S 

31 
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BAmaUd  mbnihly  dMuirffe of  Pretumpscot  Riifrat  ChUUH  of  Sehago  Ixike,  ^fe,,for  1005. 
[Dfainagi'  area.  420  square  miles.] 


Diflc)iargc  in  Hocond-ftHit. 

Run-off. 

Maximum. 

Minimum. 

Mean. 
486 

Second-feet 

Depth  in 
ineheM. 

.Vi9 

345 

1.15 

1.33 

536 

867 

411 

.979 

1.02 

451 

247 

348 

.817 

.942 

557 

2r>7 

461 

1.10 

1.28 

673 

215 

490 

1.17 

1.35 

520 

3G0 

4as 

1.16 

1.29 

52H 

304 

45H 

1.09 

1.26 

m 

358 

461 

1.10 

1.27 

483 

368 

463 

1.10 

1.28 

497 

363 

456 

1.09 

1.26 

450 

280 

407 

.969 

1.08 

420 

2M 

3X6 

.917 

1.06 

559 

216 

443 

1.05 

14.32 

SACO  RIVER  DRAINAGE  BASIN. 


DESCKIPT^'ION  OF  liASIN. 


Saco  River  receives  its  heailwatere  from  the  valleys  and  h1oik»8  of  the  White  Moun- 
tains, at  elevations  of  4,000  to  5,0CX)  feet.  It  drains  an  area  of  1,720  square  niileH,  of 
whii'h  (KX)  sciiiare  miles  lie  in  New  IlainpHhire  and  the  remainder  in  Maine.  The 
Hlojies  at  the  headwaters  are  very  steep,  with  no  lake  storage.  In  the  lower  river  are 
many  good  water  powers,  part  of  which  r..o  in  use.  The  up[K»r  i^rtions  of  the  Imsin 
are  generally  in  forest,  but  much  of  the  largt*  growth  ha*«  l)een  cut,  and  over  large* 
areas  the  evei^green  trees  have  lieen  entirely  removed.  In  the  hjwcr  luisin  are  niany 
farms  and  villages  The  un<lerlying  rock  is  generally  granite,  ai)iK.'aring  at  the  sur- 
face in  many  moontain  summits. 

SACO  KIVKR  NKAH  CKNTER  C  ONWAY,  X.  II. 

This  station  was  establishe<l  August  2<),  1903,  by  X.  C.  Grover.  It  is  located  at 
the  wooden  highway  bri<lge  l)etween  Center  Conway  and  Redstone,  N.  II..  al)Out  2 
miles  from  each  place. 

The  channel  is  straight  for  2,(XK)  feet  alx»ve  and  300  feet  Uilow  the  station,  and  is 
about  200  feet  wide  at  onlinary  stages,  broken  by  one  ]>ier.  The  banks  are  high  and 
are  not  liable  to  overflow,  except  in  very  extreme  freshets.  The  be<l  is  of  sand  an<l 
l^ravel,  and  is  permanent.  The  current  is  medium  at  high  and  sluggish  at  low 
stages. 

Discharge  measurements  are  usually  made  by  wa<ling  about  4(X)  feet  alM>ve  the 
bridge. 

A  standard  chain  gage,  which  is  read  twit-e  each  day  by  An)ert  P.  Davidson,  is 
fastened  to  the  floor  of  the  bridge.  The  length  of  the  chain  was  80.44  fiH.»t  when 
established,  but  change<l  to  :i0.47  feet  August  2<i,  IVH)'),  on  account  of  movement  of 
the  bridge.  The  gage  is  referre<l  Xa  bench  marks  as  folK)ws:  ( 1 )  Marketl  jw^int  on 
lower  choid  of  bridge  near  gage;  elevation,  27.72  feet  when  establishe<l,  but  changed 
to  27.76  feet  August  26,  1905.  (2)  South  eml  of  top  of  west  abutment;  elevation^ 
25. 14  feet    Elevations  refer  to  datum  of  gage. 


B8 


STBEAK  XEASOREMSNTS  IN  1906,  PAST  I. 


InformAtioii  in  regard  to  this  station  in  contained  in  the  following  Water-So] 
Fatpers  of  the  United  States  Geological  Survey: 

Deserlptioii:  97,  p  69;  12i  p  88. 
Ditehuve:  97,  p  69;  12i  p  82. 
DtachAife,  monthly:  124,  p  84. 
GMft  helgliti:  97,  p  69;  194.  p  88. 
BAtlilfftalito:lS4,pM. 

DMuxrge  nuasurementt  ofSaco  River  near  Center  Oonway,  N.  H.,  in  1905, 


I>ftte. 

Hydragiapher. 

Width. 

Area  of 
Bectlon. 

Mean 
Telodty. 

Oag«         D 

IIava    

T.W.  xronmMi 

FeeL 
228 
160 
136 

aq.JM. 
786 
517 
177 

FLpertee. 
1.91 
1.44 
1.48 

Fett, 
6.71 
4. 58 
8.69 

Sk, 

Jiily6« 

Aasillt266.... 

Morphy  and  fittnowt 

T.  W.  NDV^^nw 

A  Right  ohannel,  by  wadinf  a  ihort  dlitance  below  bridce. 
6By  wadimr  280  feet  betow  gace;  meter  on  rod. 


DaSStg  gage  heighi,  in  feet,  qfSaeo  River  near  Center  Omway,  N,  H.,  fffr  I90fi, 


D*y. 

Jan. 

FW>. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Aug. 

8.6 

6.4 

6.8 

6.86 

4.7 

4.66 

4.66 

4.45 

4.55 

4.86 

4.15 

4.1 

4.05 

4.05 

4.0 

4.55 

5.3 

4.5 

4.25 

4.1 

3.95 

3.85 

3.8 

3.75 

3.8 

3.7 

3.95 

3.&5 

3.9 

3.95 

4.8 

Sept 

4.86 

4.46 

7.7 

9.4 

7.6 

6.8 

6.8 

6.6 

6.2 

4.96 

4.8 

5.1 

6.25 

5.6 

.5.05 

4.85 

4.75 

6.15 

7.2 

6.05 

5.65 

5.4 

5.25 

4.9 

4.75 

5.2 

5.0 

4.45 

4.25 

4.25 

Oct. 

Not.    1 

1 

4.6 

7.66 

6.6 

6.1 

6.0 

6.75 

6.66 

7.06 

6.85 

6.95 

6.0 

6.75 

6.65 

6.65 

6.4 

6.45 

6.25 

5.75 

5.55 

5.35 

5.35 

6.0 

7.75 

6.8 

6.05 

6.25 

5.9 

6.3 

6.3 

6.4 

6.3 

6.8 

6.76 

6.66 

6.16 

6.16 

6.9 

6.4 

6.0 

5.7 

5.7 

5.36 

5.2 

5.4 

4.9 

4.95 

5.6 

5.85 

5.55 

5.6 

5.4 

5.0 

4.95 

4.85 

4.7 

4.6 

4.5 

4.5 

4.45 

4.3 

4.3 

4.3 

4.46 
4.46 
4.46 
4.2 
4.26 
4.86 
4.95 
4.6 
4.4 
4.4 
4.15 
4.25 
6.85 
5.86 
5.35 
4.55 
4.45 
4.35 
4.25 
4.3 
4.25 
4. 45 
4.4 
4.2 
4.0 
•  4.1 
6.5 
5.S 
4.55 
4.55 

4.36 

4.36 

6.86 

4.75 

4.6 

4.86 

4.25 

4.05 

4.0 

8.95 

4.0 

3.9 

8.95 

3.8 

3.85 

3.75 

3.7 

3.8 

3.7 

3.85 

3.85 

3.7 

3.6 

3.55 

3. 55 

3.55 

3. 55 

3.  Lb 
3.6 
12. 55 

4.26 
4.2 
4.16 
4.16 

i: 

8.95 

3.95 

3.85 

8.85 

3.9 

6.1 

5.8 

5.0 

4.&5 

4.5 

4.5 

4.6 

4.9 

4.9 

4.7 

4.45 

4.45 

4.35 

4.3 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

2 

4.2 

8 

4.2 

4 

'4.2 

5 ' 

4.9 

4.8 

4.3 

6 

4.3 

7 

4.3 

9  .       

6.05 

4  4 

9 

4.45 

10 

4.4 

11 ! 

4.4 

12              1 

4.95 

4  H.<> 

4  15  1 

'^ 

14 

Ift 



4.5 

1 

4.2 
4.5    ! 
4.35 

16 

. 

4.4 

4.3      . 
4.3      . 
3.95'. 
4.2      . 

4.2  . 
4.1 

4.1     ,. 
4. 15  ,  . 
4.25    - 
4.5      . 
4. -25    . 

4.3  . 
4.45    . 
5.9      . 

1 

17 

18 

: 1 

1 

19 

5.05       5.0 

20 

7.45 
6.65 
6.1 

21 

22 

23 

5.05    

24 

1 

25 

26 

27 

28 

29 

30 

31 

4.9 

5.05 


11.15 
8.1 
7. 75 
7. 45 
8.0 
K.05 
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ly  ffd^  heighiy  in  fed,  of  Saeo  Biver  near  fVnter  Commy,  N.  If.,  for  1905— VontW, 

.>Tf:.— River  frozen  Janiutfy  1  to  March  26  and  December  15-31.    DuriiiR  fmztMi  senMm  g^gi^  hoightM 
e  read  to  the  nurface  of  the  water  in  a  hole  cat  In  the  lee.    The  following  (*ompanitrvo  rt^adli 


e  taken: 


iiurs* 


nary  1  — 

uaryS 

.uar7l5.. 
luary  22. . 
ioar]r29.. 
miaiyd.. 
>niary  12. 
»xianrl9. 
>raary26. 

rch5 

ichl2 


Date. 


Water 
niirfat^e. 

Top  of 
PrH, 

Thlok- 
new  of 

ilH». 

Fefi, 

hYri. 

4.5 

4.55 

l.'i 

5.06 

'•i!,s 

4.5 

2.1 

5.05 

5.2 

2.0 

4.9 

5.05 

2.0 

4.9 

4.95 

2.  a 

4.95 

4.9 

5.05 

5.35 

2  3A 

5.05 

5.3 

2.4 

4.H    1 

4.H5 

2.15 

4.8.')  ■ 

5.0 

2. 5 

a  Below  water  8urfa<v. 

March  19.  unitafe:  gage  height  read  to  top  of  ice:  March  'JO-21,  water  flowing  over  niirfaco  of  loo- 
uvh  26,  ice  breaking  ap:  March  27.  river  clear  of  ice;  lK»ccmber2.  ice  under  gngc  2  Uu-hvH  thick 
t  river  not  frnien  acRMn;  December  24.  gage  height  to  top  of  ice,  5.1  feet;  iM'einUT  31,  fCHg«>  hctirht 
top  of  ice.  5.05  feet:  thicknew  of  ioe*  0.95  foot  at  gage,  but  river  not  fnocn  hchmw  in  left  himn. 

taticn  rating  table  for  Saco  Rivfr  near  Center  Conimy,  N.  IF.,  from  Jnnnarif  I  to  /V<vtM< 

her  ;il,  190.5. 


Gage 
height. 

Diflcbaige. 
Seamd-/eet.\ 

l^g&. 

'  Dimshaige. ' 
Srcfrttfi/eet. 

<iage 
heigiit. 

FM. 

DiMlmrxc 
Stnmd/frt. 

<1hkc 
hfight. 

Fret. 

Di^Hlmnci 

Feet. 

1 

FM. 

.Sr-f«iHi/  ffT 

3.50 

197 

4.90 

i           ^'' 

6.30 

2.0.V) 

7.7t> 

w.  t;iv. 

3.60 

284 

5.  GO 

:            9H4 

6.40 

2.  VA) 

7.  MO 

;».  SLS 

3.70 

273 

5.10 

1.058 

6.50 

2.250 

7.  *I0 

3. 97.» 

3.80 

SI4 

h.'JO 

■          1.124 

6.  t'A) 

2.  :VV5 

s.iH) 

1.  I.V 

3.90 

866    1 

6.30 

i          1,1»7 

6. 70 

2.4.W 

.\  10 

1.  .'70 

4.00 

404    , 

.5.40 
5.50 

1,272 

6.  HO 

2,570 

S.  20 

1. 1.* » 

4.10 

458  ; 

},M\i 

6.90 

2.  i\Sii 

N  ;to 

1.  »N» 

4.20 

504    ; 

5.60 

1.I2M 

7.W 

2.  79.-. 

S.  10 

i.  .  10 

4.30 

557    1 
612    1 

1        6.70 

1.509 

7.10 

2.910 

S   .4» 

t.'w 

4.40 

5.80 

1,592 

7. 20 

:{.o:u) 

s.  «4» 

.M¥4) 

4.50 

689 

5.90 

i,r.77 

7.M) 

:»,i;.r> 

S.  TO 

».  ".V  1 

4.60 

728 

6.00 

1.7»il 

7.44) 

3.2S.-. 

S.  N» 

...3*.».. 

4.70 

789 

6.10 

l.K« 

l.iiO 

3.  120 

s.  w 

\  .10 

4.80 

xa 

6.20 

l.UTiO 

7.  W 

3.  Vvi 

9  i^) 

.».  r.5.% 

rha^' — ^Tbe  above  table  is  applicable  only  foroiK'n-clminn'l  i>om<I1i1««iim.     n  \s  UimmI  on  i.iuritvn 
measoremenU  made  during  1903-1905.    It  i»  well  «letinei|  )N*t  ween  tuxnv  luiKliiN  3.  i  Iimi  tuui 


eet.   *« 
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Egtimated  monthly  discharge  of  Saco  River  near  Center  Conway ^  N.  H, ,  /</r  19ti5. 
[Draina^re  area,  885  square  miles.] 


Month. 


March  26-31 

April 

May 

June 

July 

August 

September. . 

October 

November . . 


Discharge  in  second-feet 

Maximum. 

Minimum. 

Mean. 

10.200 

3,852 

4,984 

8,765 

1.284 

2,088 

2,160 

567 

l,r214 

2,625 

404 

821 

18,600 

216 

835 

4,900 

278 

774 

6,450 

630 

1,631 

1,855 

336 

646 

1,677 

881 

583 

Run-off. 


Seoond-feet 


Depth  in 


•"ml^r"  I  '-"^ 


12.95 
5.42 
8.15 
2.13 
2.17 
2.01 
3.98 
1.68 
1.51 


2.H9 
6.05 
a.  63 

2.32 
4.44 
l.W 
1.68 


MERRIMAC  RIVER  DRAINAGE  BASIN. 
DESCRIPTION  OF  BASIN. 

The  Merrimac  basin,  which  has  a  total  drainage  area  of  5,015  square  miles,  lies 
in  the  States  of  New  Hampshire  and  Massachusetts,  3,815  square  miles  being  in  the 
former  State  and  1,200  square  miles  in  the  latter.  Merrimac  River  is  formed  at 
Franklin,  N.  H.,  by  the  junction  of  Pemigewasset  and  Winnepesaukee  rivers.  The 
headwaters  of  the  Pemigewasset  lie  in  the  White  Mountain  region  at  elevations  of, 
approximately,  2,000  feet;  thence  they  flow  southward  through  New  Hampshire 
with  very  steep  slopes.  On  this  branch  of  the  Merrimac  there  is  very  little  lake 
storage.  Squani  and  New  Found  lakes,  aggregating  about  20  square  miles  of  surface 
area,  are  the  only  bodies  of  water  of  any  importance.  Above  Plymouth  probably  85 
I>er  cent  of  the  basin  is  in  heavy  forest.  A  very  insignificant  amount  of  water  power 
is  utilized.  Winuei)esaukee  River  has  ita  headwaters  in  the  eastern  part  of  the  State. 
A  prominent  characteristic  of  its  basin  is  the  extent  of  the  lake  surface,  aggregating 
100  square  miles.  The  fall  from  Winnepesaukee  Lake  to  the  junction  with  Pemige- 
wasset River  is  225  feet  in  a  distance  of  14  miles. « 

From  Franklin  Merrimac  River  flows  southward  through  the  State  of  New  Hamp- 
shire for  56  miles,  receiving  Contoocook  River  from  the  west  and  Sunoook  River 
from  the  east.  After  entering  Massachusetts  the  river  deflects  to  the  east  and  flows 
in  an  easterly  and  northeasterly  direction  for  a  distance  of  40  miles,  to  Newburj-port, 
where  it  enters  an  arm  of  the  sea.     Tide  flows  to  Lawrence. 


"Tenth  Census,  vol.  IG,  p.  50. 
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The  drainage  areas  of  Merriniac  River  and  8ome  of  its  principal  tributaries  are 
^ven  in  the  following  table: 

Drainage  areas  of  Merrimac  River  and  tributaries. 


Biver. 


Locality. 


Drainage 
ar«a. 


Merrimac 
Do.... 
Do.... 
Do.... 


Mouth 

LaMrrence  dam 

Lowell  dam 

OarviiuFklls 

Do Franklin  Junction,  at  gaging  station. 

Pemigewaawt |  Plymouth,  at  gaging  station 

Do Junction  with  Winnepesaukee 

Wixinepesaukee . . 

Contooeook 

Do 


Junction  with  Pemigewaaset 

West  Hopklnton,  at  gaging  station  . 
Mouth 


Suncook j  East  Pembroke,  at  gaging  station. 


Do '  Mouth 


Sq.  miles. 

5,016 

4,664 

4.127 

2,340 

1.460 

616 

1,066 

4a5 

410 

750 

250 

270 


MERRIMAC  RIVER  AT  FRANKLIN  JUNCTION,  N.  II. 

This  station  was  established  July  8,  1903,  by  H.  K.  Barrows.  It  jh  locate<l  at  the 
wooden  railway  bridge  near  Franklin  Junction,  about  a  mile  below  tbe  union  of 
Pemigewasset  and  Winnepesaukee  rivers. 

The  channel  is  straight  above  and  below  the  bridge  and  is  about  200  feet  wide  at 
ordinary  stages,  broken  by  one  pier.  The  banks  are  high  and  rocky  and  not  subject 
to  overflow.  The  bed  is  rocky  and  permanent.  The  current  is  swift  at  high  and 
mediom  at  low  stages. 

Discharge  measurements  are  made  from  the  bridge.  The  initial  point  for  sound- 
ings is  at  the  top  of  the  face  of  the  right  abutment  at  the  upstream  side  of  the  bridge. 

A  standard  chain  gage,  which  is  read  twice  each  day  by  F.  H.  Roers,  is  fastene<l 
to  the  guard  timber  of  the  bridge.  The  length  of  the  chain  when  established  was 
47.08  feet,  but  changed  to  47.16  feet  August  22,  1905,  owing  to  movement  of  the 
gage.  The  gage  is  referred  to  bench  marks  as  follows:  (1)  Marked  ix)int  on  lower 
chord  near  gage;  elevation,  46.54  feet.  (2)  Top  of  north  rail  at  west  portal  of 
bridge;  elevation,  47.08  feet  (3)  Spike  in  telegraph  pole  nearest  west  end  of  bridge; 
elevation,  46.38  feet  (4)  Top  of  northwest  nut  on  guard  timber;  elevation,  47.28 
feet  (5)  Chiseled  circle  on  outcropping  ledge  50  (eet  north  arid  23  feet  east  of 
northeast  comer  of  west  abutment  of  the  bridge,  marke<l  **B.  M.  5;"  elevation, 
12.68  feet    Elevations  refer  to  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply 
Papers  of  the  United  States  Geological  Survey: 

Description:  VI,  pp  70-71;  124,  p  86. 
Discharge:  97.  p  71:  124.  p  87. 
Diwbar^,  monthly:  124,  p  88. 
Ga«e  heighta:  97.  p  71;  124,  p  K7. 
Rating  table:  124,  p  88 
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Ducharge  mewturements  of  Merrhnac  River  at  Franklin  JwncUtmj  X.  If.,  in  1905. 


DnU'. 


April  5... 
Aprilll... 

May2 

May  24  ... 

Julys 

August  22. 


Hydrographer. 


F.  E.  Pressey 

T.  W.  NoreroBS 

do 

....do 

Murphy  and  BarrowH. 
T.  \V.  Norcroiw 


Width. 


Area  of       Mean 


sei'tion.     velocity,     height.  |  chaixf. 


Feci. 

Sii./ed. 

Ft.perscc. 

Frtt. 

Stc.ffd. 

231 

1,350 

4.00 

6.69 

A,m 

231 

1,870 

4.61 

7.19 

c.3a) 

226 

1,100 

2.77 

ft.  76 

3,040 

220 

941 

2.24 

4.98 

2,110 

.  234 

1,440 

4.36 

7.38 

ts2S0 

216 

713 

1.61 

4.28 

1,1.tO 

Gage     I  *  Dl*^ 


Daily  gage  heiglUj  in  feet,  of  Merrimac  River  at  Franklin  Junction,  N.  11.,  for  1905. 


Day 

Jan. 

Feb. 

Mar. 

Apr. 

1 

4.0  . 

4.1  . 

4.2  . 
4.2     . 
4.35    . 
4.45    . 
5.1      , 
52 

12.1 

? 

8.6 

^ 

7.4 

4 

7.1 

5 

6.7 

6 

7 

9.1 
7.55 

8 

9 

5.5      . 
5.7      . 
5.6 
5.55    . 

10 

4.25       6.7 
4.2         7.2 
4. 0        S.  0 

4.5  7.H 

4. 6  7. 3 
4.2    1    r..9 
4.0         «;.45 
4.05      r..:i 
4.0         5.8 
.3.  S         5.  75 
4.2     ,     5.  r»5 

11 

1? 

13. 
14 

5.5 
5.4 
4.7 

5.7     ' 
5.95  1 
5.  r.5 
5.  :r) 
5.  a5 

4.9 

15 

ir. 

17. 

IS 

ly. 
••o 

'M 

5  0 

«■>.  05 

5  05 

7  95 

'y\ 

J.  75 

4.H 

4  9 

♦4 

4.85 
"75 

fi.U 

•»r, 

5. :{ 

5.  1 
5.  5 
5.  4 

G.  2 
fi.  0 

•>s 

1     "  ' 
9.  8         0. 0 

11.1          Ti.  1 

2".». 

5. 5 

11.7 

13.0 

e,.  05 



1-29. 

31. 

«OTE.- 

-River 

open  at 

K>iK 

e  c 

12.95 
anuar\ 

6.2 
5.9 

5.7 

6.0 

5.8 

6.3 

6.8 

6.0 

5.9 

5. 

5.4 

5.4 

4.7 

5.3 


7     I 


June. 

4.6 

4.5 

4.6 

4.25 

4.6 

4.65 

5.65 

5.25 

5.0 

4.75 

4.15 

4.(y) 

5.  <i5 
5.3 
5.0 
4.95 


July.    Aug.     Sept.     (K't. 


5.0 
5.  0 
4.  9 

4.  S.-) 
l.S 
J  Vi 
4.5 

4.(; 
4.r, 


4.75 
4.7 

4.tw') 
5.3 
5.  45 
5.1 

4.  ■J5 
4.r^5 
«;.  9 
«;.  4 

5.  iW. 


7.15 

6.15  ' 

5.65  I 

5.1 

4.9    1 

4.8    i 

4.25  I 

4.6    ! 

1 

4.6    , 

4.5    I 

4.5 

4.7 

4.5 

4.1 

4.4 

4.5 

4.4 

4.3 

4.r. 

4.45 

3.9 

4.1 

4. 15 

4.2 

4.2 

4.2 

4.2 

4.2 

5.5 


6.6  I 
5.6  I 
5.05  j 
4.75  ' 
4.6 
4.0 
4.36 

4.2  I 
4.2 

4.3  ! 
4.3    ! 


3. 85 

4.1 

4.2 

4.4 

5.3 

4.9 

4.7 

4.2 

4.25 

4.2 

4.1 

4.1 

4.1 

4.8 
4.7 
4.55 
4.5 


0 

0 

46 

05 

8 

4    ! 
3  : 

85  i 

5 

45  I 

9 

3 

4 

9 

3 

1 

9 

6 

85 

'25 

6 

0 

4 

3 

5 

3 

2 

1 

0 

9 


Kivor  frozen  Janiiarv  30  to  .March  9. 


Nov.     r>ec. 


4.85 

4.9 

4.7 

4.7 

4.65 

4.55 

4.5 

4.1 

4.7 

4.5 

4.4 

5.1 

5:9 

5.3 

4.55 

4.8 

4.7 

4.6 

4.6 

4.a5  j 

4.35  j 

4.65 

4.7 

4.7 

4.6 

4.55  I 

.1  t;     I 


4.5 
4.4 


4.5 
4.4 
4.4 

4.65  I 

4.7 

4.8 

5.1 

.5. 15 

5.1 

4.9 

4.8 

4.9    I 

4.8 

4.8 

4.8 

4.7 

4.^ 

4.7 

4.2 

4.4 

4.4 

4.45 

4.4 

4.5 

4.5 

4.05 

4.8 

4.75 

4.  ^^ 

4.i>5 


5.3 
4.9 
7.9 

,H..\5 

6.7 
5.6 
5.7 
5.25 
5.S 
4.2 

4.8 
4.S5 

4.8 

4.^ 

\.^ 

4.^=i 

4.7 

4.f. 

4.7^ 

4.7 

4.7 

4.S 

4.:' 


1.7 
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SUUionrathig  taUe  for  Merrhmtc  River  at  Franklin  Junctum,  N.  7/.,  from  July  .V,  190St 

to  December  31,  1905. 


Gage 
height. 


Fert. 
3.90 
4.00 
4.10 
4.20 
1.30 
4.40 
4.50 
4.60 
4.70 
4.  HO 
4.90 


DiM^harge. 

Sccond-Jrrt. 

795 

910 

1.030 

1,150 

1,270 

1,395 

1,520 

.      1,615 

1,775 

1,915 

'  2,065 


QHge 
height. 


Diftcharge. 


Gage 
height. 


Feci. 
5.00 
5.10 
5.20 
5.30 
5.40 
5.50 
5.r,0 
5.70 
5.80 
5.90 
6.00 


Sramd-fici. 


2,220 
2,380 
2,540 
2,705 
2,875 
3,015 
3.220 
3,395 
3.575 
8,755 
3,940 


Frrt. 
6.10 
6.20 
6.3(> 
6.40 
6.50 
6.60 
6.70 
6.80 
6.90 
7.00 


DiBcharge. 

Sccund-Jtft. 
4, 125 
4.310 
4, 500 
4,690 
4.880 
5,070 
5.265 
5,460 
5.655 
5,850 


Gage 
height. 

Discharge. 

i 

Frd. 

,  Second-feet. 

7. '20 

1          6.250 

7.40 

6,660 

7.60 

7,075* 

7.80 

7.500 

8.00 

,          7,930 

8.20 

8.370 

8.40 

8,815 

8.60 

9,265 

8.80 

1          9,715 

9.00 

10,170 

Nr»TE. — The  ahove  table  i»  applicable  only  for  open -channel  conditions.    It  is  leased  on  20  dischaigc 
meaFiirements  made  during  1903-1905.    It  is  well  delincd  between  gage  heights  4.16  feet  and  8.9  feet. 

KstitnaUd  monthly  dixharge  of  Merrimac  Hirer  ai  Franklin  Junction,  N.  //.,/or  1905, 
[Drainage  area,  1,460  square  mile.s.] 


Month. 


March  10-31 1 

April I 

May I 

June , 

July 

August ; 

September I 

October j 

November i 

December ' 


Discha^ 

ge  in  second-feet. 
Minimum.'    Mean. 

Run-off. 

Maximum. 

Second-feet 
per  s<iuare 
-    mile. 

Depth  in 
inches. 

19.880 

'    .aso'" 

5,160 

3.53 

2.89 

17,580  ' 

3,808  1 

6.006 

4.11 

4.59 

5.460 

1,520 

2,976 

2.04 

2.35 

5,655 

1,090 

2.397 

1.64 

1.83 

6, 150 

795 

1,824 

1.-25 

1.44 

5,070 

738  1 

1.586 

1.09 

1.26 

16,960 

1,458 

4.701 

3.22 

3.59 

3,755 

1,030  ' 

1,785 

1.22 

1.41 

2,460 

970 

1.763 

1.21 

1.35 

9, 152 

1.150 

2.484 

1.70 

1.9. 

Note. —Omitted  gage  heights  were  estimated  and  «liscliarg«'M  applied  as  usual. 

MERKIMAC;  HIVKR  AT  <JA11VIXS  FAI^LS,  X.  II. 

The  power  at  Garvins  Falls — 4  mil«*  l)elow  Concord — is  one  of  the  l)est  on  Mem- 
mac  River.  There  ha*  bet»n  a  danj  at  this  point  8ince  1815,  first  in  conntH'tion  with 
the  Old  Bow  Canal  and  later  to  furnish  i)ower  for  a  pulp  mill.  This  privilege  haH 
since  become  the  property  of  the  Manchester  Traction,  Lijrht,  and  Power  Company, 
and  has  been  more  completely  developed!.  During  1901^4  an  overfall  dam  of  the 
ogee  type,  somewhat  similar  in  cross  sei'tion  to  the  dam  at  Ilolyoke,  was  completetl. 
This  is  550  feet  long  between  abutments  and  al)out  800  feet  overall,  including  head- 
g*te8,  and  is  substantially  built  of  stone  masonry.  A  canal  has  In^en  completed 
^'hich  is  about  600  feet  long  and  74  feet  wide  at  the  water  line,  and  wasteways  are 
pi'ovided  from  the  siden  of  this— one  90  feet  long  at  elevation  102  (the  main  crest  of 
^be  dam  being  taken  as  elevation  100)  and  another  45  feet  long  at  elevation  103.  -A 
J*'*Bte  gate  10  feet  wide  and  capable  of  Ixnng  lowered  to  elevation  93  is  also  providaJ 
y^^  twe  especially  in  floating  out  any  ol>8tructionH  which  lodge  against  the  ra* 
^«e  new  dam  and  headgates  to  the  canal  are  situated  al)out  S(X)  feet  downstn 
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from  the  old  dam,  which  was  destroyed  on  the  completion  of  the  new  structure.  At 
present  there  are  four  triplex  turbines  of  something  over  1,000  horsepower  each  and 
one  small  duplex  turbine  of  75  horsepower  used  in  running  exciters.  Provision  has 
been  made  for  two  more  large  units,  which  will  be  installed  later.  Tlie  turbines  are 
of  the  McCorraick  design,  furnished  by  the  Rodney  Hunt  Machine  Company.  Each 
large  tmit  has  three  39-inch  runners,  mounted  on  a  horizontal  shaft,  which  revolves 
at  180  revolutions  a  minute.  Two  of  the  wheels  in  each  set  discharge  through  a 
common  T  center  and  draft  tube  near  the  fore  bay  wall.  The  third  wheel  is  set 
opposite  a  quarter  turn  at  the  downstream  end  of  the  casing  and  discharges  through 
this  quarter  turn  into  a  smaller  draft  tube.  The  top  of  the  penstock  opening  is  at 
elevation  95.5,  while  the  lower  ends  of  the  draft  tubes  are  horizontal  and  are  aboat 
2  feet  below  the  level  of  usual  tail  water.  The  gates  for  the  runners  are  of  the  plain 
cylindrical  pattern  without  fingers  and  are  controlled  by  governors.  The  average 
head  on  the  wheels  is  about  29  feet.  At  present  there  are  four  650-kilowatt  three> 
phase  generators  direct  connected  with  the  turbines. 

The  power  developed  is  transmitted  at  12,000  volts  tension  to  Manchester,  about 
14  miles  away,  where  it  enters  a  substation  and  is  transformed  to  a  lower  voltage  and 
through  a  distributing  switch  board  utilized  for  light  and  power  purposes.  The  Gar- 
vins  Falls  station  is  one  of  a  system  of  three  water-power  plants  and  one  steam-power 
plant  operated  by  this  company. 

Careful  records  of  the  pond  and  tail-race  levels,  wheel  openings,  etc.,  have  been 
kept  by  the  company  since  the  completion  of  the  new  dam  in  1904,  and  have  been 
furnished  for  computations  of  flow  by  J.  Brodie  Smith,  manager.  A  number  of 
current-meter  measurements  have  been  made  from  time  to  time  by  the  hydrographers 
of  the  Survey  for  the  purpose  of  rating  turbines  and  to  assist  in  computing  flow  over 
the  dam.  Estimates  of  monthly  flow  at  this  point  from  September  1,  1904,  to 
December  31,  1905,  are  given  in  the  following  table: 


Estimated  monthly  discharge  of  Merrimac  River  at  Oarvins  FallSy  N.  H.y  for  1904-^. 
[Drainage  area,  2,340  square  miles.] 


September. , 
October.... 
November . 
December  . 


January  ... 
February  . . 

March 

April 

May 

June 

July 

Augu.st  .... 
September. 

October 

November. 
December  . 


Month. 


1905. 


Discharge  in  second-feet. 


Maximum.  Minimum.     Mean 


7,110 

7,880 
2, 140 
2,200 


The  ye&T  . 


3,440 
2.110 
32,760 
30,940 
5,660 
5, 410 
4,980 
5,470 
18, 030 
3,860 
4.030  : 
9, 990 

32, 760 


1,150 
1,460 
1,610 
1,300 


1,490  , 

1,340  ' 

1,370 

4,940 

2,070 

1,840 

1,090 

1,240  ! 

2,720 

1,780 

1.810 

2,250 

1,090  ' 


2.220 
2,860 
2,000 
1,660 


2,190 
1,610 
6,400 
10,400 
3,910 
2,730 
1,930 
1,920 
'  «,260 
2,290 
2,560 
3,880 

3,840 


Run-off. 


Second-feet '  j.    .^  ^ 


0.947 
1.22    I 
.856  I 
.710 


1.06 
1.11 
.9n5 

."18 


.936 
.690 

2.74     I 

4.45 

1.67 

1.17 
.824 
.823 

2.67 
.978 

1.10 

l.tk)    I 

1.&4 


1.08 
.71S 
3.16 
4.96 
1.91 
1.30 
.950 

2.98 
I.IS 
1.2S 
1.91 

22.29 
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MERKIMAC  RTV^KR  AT  LAWRENCE,  MASS. 

Records  of  flow  of  the  Merrimac  at  Lawrence  have  been  kept  for  more  than  fifty 
yeire,  bat  have  never  been  published  in  full.  Data  in  regard  to  the  flow  are  fur- 
nifihed  by  R.  A.  Hale,  principal  assistant  engineer  of  the  Essex  Water  Power 
Oompany. 

For  a  portion  of  the  year  water  from  the  drainage  Ijasins  of  Sudbury  and  Nashua 
Hvere  is  wasted  into  the  Merrimac,  and  therefore  the  drainage  area  is  a  somewhat 
variable  quantity.  Daring  the  dry  months  a  very  small  amount  is  received.  The 
^accompanying  tables  give  the  flow  of  the  Merrimac  at  I^wrenee,  also  the  quantity 
^nibed  from  the*  Sudbury  and  Nashua  drainage  basins  that  reaches  the  Merrimac. 
I^e  latter  table  is  based  on  data  furnished  by  the  Metropolitan  Water  and  Sewerage 
^oud  of  Boston.    The  drainage  areas  are  as  follows: 

Drainage  areas  in  Merrimac  River  basin, 

Square  mileft. 

Total  of  Merrimac  River  drainage  basin  above  Lawrence 4, 664 

Nashua  River  drainage  basin  above  gaging  station 119 

^(idbory  River  drainage  basin,  Framingham,  Dam  No.  1 75 

^hituate  River  drainage  basin 19 

^otal  of  Nashua,  Sudbury,  and  Ck)chituate  river  drainage  basins 213 

^^t  drainage  basin  of  Merrimac  River,  excluding  Nashua,  Sudbury,  and 

Oochituate  river  basins 4, 451 

The  quantity  as  measured  at  I^wrence  includes  the  water  from  Sudbury,  Nai^hua, 

'^<1  Oochituate  rivers,  and  in  getting  the  alisohite  yield  of  the  river  thin  should  be 

'^tisidered  in  reference  to  the  drainage  areas,  either  by  de<lucting  it  from  the  Merri- 

^^ac  flow  and  using  the  net  area  and  the  net  flow  of  the  Merrimac,  or  by  getting  the 

^tal  yield  of  both  the  Sudbury  and  Nashua  rivers  with  the  Merrimac  and  using  the 

otal  area. 

Information  in  regard  to  this  station  is  contained  in  the  following  publications  of 

He  United  States  (Geological  Survey  (Ann  =  Annual  Report;  WS  =  Water-Supply 

^per;  Bull  =  Bulletin): 

tkescrfption:  Ann,  19.  Iv,  pp  111-112;  Bull  140,  p  33;  WS  35.  p34;  47,  p  32;  65.  p  22:  82.  pp  l9-«0;  97,  p  72; 
2t,pp8»-90. 

DiiichAige.  daily:  WS  85.  pp  35-S6;  47,  p33;  82,  pp  51-52;  97.  p  TM  121.  pp  00-93. 
X>i0cbArge,  monthly:  Ann  19,  iv  pp  lia-115;  20.  iv,  p  73;  21,  iv,  p  60;  Bull  140,  p  34. 
Discharge,  yearly:  Ann  20,  iv,  p  46. 
Hydrogxaphs:  Ann  19,  iv,  p  112;  20.  iv,  p  74;  21,  iv,  p  60. 
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Mmti  daily  discharge,  in  second-feety  of  Merrimac  River  at  dam  at  Lait^rence,  Ma^.yf(trl905. 


Day. 


10. 
11. 
12. 
18. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
•29. 
30. 
31  . 


Jan. 


Total. 
Avemg^e  ... 


453 
3,147 
3,084 
2,981 
2.812 
2,735 
2,662 
4,358 
7,710 
6.930 
6,844 
6,470 
6,901 
4,862 
4,377 
6,111 
4,352 
3,893 
3,920 
4.086 
2.494 
2,887 
4,744 
8,545 
3,043 
2,955 
2,931 
1.827 

895 

3,996 

. '    3,  as7 

.119,992' 

.1     3,871 


Feb.     Mar. 


Apr. 


2,838     2,526;  44,887 


2,784     2,695 


2,760 
1.980 

457 
3,505 
2,865 
2,518 
2,440 
2,695 
1,902 

489 
8,094 
2,618 
2,578 
2,510 
2,678 
1,826 

456 
2,940 
2,691 
2,621 
2,464 
2,574 
1,666 


2,527 
1,514 
480 
2,768 
2,567 
2,596 
2,774 
2,811 
2,418 
2,806 
4,898 
3,879 


4,084 
2,977 
4.060 
11,100 
11,210 
10,050 


87,260 


May. 


8,740 

410   11,570 

2,850  32,003 

2,514   36,429 

'  41.219 

I  45,940 


28,653 
22.206 
18,850: 
19,442 
26,546 
26,097j 
20,156 
16,880 
15,309| 
17,64«| 
19,4511 
18,602 
8,842  16,148 
4,020  14,215 
12,661 
11.273 
9,761 
8.546 
7,961 
8,018 
9,150  10,867 
8,80o{  10,793 
9,115 


8,094 
7.69« 
7,225 
6, 8.% 
6.639 


7,484 
6,637 
6,379 
6,002 
6.868 
6,094 
5,732 
6,548 
6,806 
6,174 
6,619 
6,308 
4,159 
8.905 
6,467 
8,758 
6,010 
6,988 
6,716 
8,211 
6,208 
6,653 
4,564 
4,520 
4,178 
3,947 
2.866 
2.812 
4,343 
2. 769 


-i  4o,617' 3,17] 


June.    July. 


8,414 
8,016; 
1,968 
1,470- 
8,708' 
3, 116| 
2,987 
8,070: 
8,710 
2,993 
2,482 
4.880 
8,427 
8,038 
3,990 
4,296 
2.599 
2.348 
4,410 
8,617 
4.258 
5,768 
8,238 
7.488! 
5,593 
5,918 
4,987 
5,912 
7,300 
5,615| 


8.685 
2,941 
2,988 
4.897 
6,028 
4,503 
8,881 
2,821 
1.907 
8,947 
8,148 
2,886 
2,807 
2,826 
1,764 

581 
8,637 
2,759 
2,723 
2,404 
2,538 
1,677 

383 
2,603 
2,559 
2,382 
2,376 
2.343 
1,403 

128 
2.079, 


Aug. 


Sept.      Oct. 


2.477 
4.775 
4,676 
8,939 
2,591 
1.632 
3,631 
2,965 
2,443: 
2,890 
2, 441 1 
1,454 
474; 
5,081 
2,953 
2,697 
2,980| 
8,257! 
2, 9871 
2,141 
8,690 


2.789 
2,729 
2.505 
2,766 
1,481 
316* 
2.344! 
2,4581 
2, 374^ 
2,445 


2.713 
2.109 

3,109: 

6,430! 
20,900; 
17.434 
12,972 
9,854 
7,257 
6,541 
5,953| 
4.960 
6,08b 
7,285 
7,330 
6,525 
4,309 
6,171 
8,526 
17,629 
18,968 
11,640 
9,007 
6,588 
6,467 
5,262 
4,721 
4.488j 
4, 1331 


Nov.      Dec. 


2,73S 

4,371 

3,276 

3,190 

8,214 

8.336 

2,390 

2,108 

4,179 

8,238 

8,065 

2,644 

2.812 

8.116 

3.589 

4.620, 

3,684! 

3,311 

8,381 

8,396 

2,297 

2,886 

4,760 

3,764 

8,526 

3,44: 

3,376 

2,090 

l,851j 

4.119 

3,418. 


3.240 
2, 7961 
2,818 
1,813 
I.439I 
4.850|' 
4, 

6,559 
5,25l' 
3,907,' 
8,513 
5,062; 
8,679| 
8,552| 


5,043 
3,984 
3,714 

8.930 
15.540 

9,354 
7,<I83 
6,009 
5,4S 
6,016 
4,06? 
4.096 
4,3S8 
4.429 


8,732;    2,838 

4,622 
3,460 
3,371 
3,9^ 
4.664 
5,211 
5,837 
5,638 
6.460 
6,506 
4.900 
4.J«0 
A,sS[ 
6.43:' 


3,654 
2,289j 
2,461 

4,3971 
8.557' 
8, 2561 
3,129! 
2.8921 
1,827! 
1.198J 
4,118' 
3,3071 
3,212! 
1,413! 


6:^,  612  327, 459  485, 5-15  161, 691  124. 930 
2,272    10.563   16,185     5,216|    4,1G4 


82,904   83,771  228, 945 101, 082^101, iV50 176.301 
2,674*    2. 702!    7, 6311     3,261      S.iS^'    5.6^ 


\ 
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/foM',  arranged  in  order  of  dryness^  of  Merrimac  River  at  Laurenct^  JToml, 

for  1905. 


Merrimac' 
RiTerat 

(total 

drainage 

areA=4;664 

square 

^es). 

Wasting  Into  Merrimac  River  from— 

Net    yield    of    Merri- 
mac River  from  4,458 
square  miles. 

Nashua 
River  at 
Clinton 
(drainage 
area=ll8 
square 
miles). 

Sudbury 

River  at 

Daml 

square 
miles). 

Lake  Ct>- 
chiiuate< 
EaDttl6t«r 

Brook 
{dmtnftgv 

sqimte 
mneti). 

Total  wsMte 

dotal 
drainage 

ann^ZlJ 
square 

Second-feet 

1,971 

Second-feet  for  seven  days. 

Seven       Per  square 
days.            mile. 

4 

. 

6 

1 
1.966  1     *       0.441 

2, 151 

3 

2 

0 

5 

2,146  ;               .482 

2,181 

2 

4 

0 

6 

2,176 

.489 

2,250 

3 

40 

2 

46 

2,205 

.495 

2,255 

3 

2 

0 

5 

2,250 

.505 

2.303 

4 

2 

0 

6 

2,297 

.616 

2,318 

4 

2 

0 

6 

2,812 

.610 

2,345 

3 

42 

0 

46 

2,300 

.617 

2,507 

4 

32 

0 

86 

2,471 

.666 

2,557 

* 

36 

0 

40 

2,617 

.566 

2,558 

4 

2 

0 

6 

2.552 

.678 

2,606 

4 

11 

0 

15 

2,591 

.682 

2,806 

S 

2 

0 

6 

2,801 

.629 

2,846 

3 

11                     0 

44 

2,801 

.629 

2,877 

3 

3 

0 

6 

2,871 

.&16 

2.890 

3 

2 

0 

6 

2,885 

.648 

3,111 

5 

47 

0 

52 

8,069 

.687 

3,126 

4 

68 

0 

72 

3,064 

,686 

3.149 

4 

2 

0 

6 

3,143 

.706 

3,152 

4 

2 

8 

9 

3.143 

.706 

3.167 

4 

2 

0 

6 

3,161 

.710 

3,220 

3 

6 

0 

9 

3.211 

.721 

3,259 

3 

2 

0 

5 

3.254 

.781 

3,368 

3 

4 

0 

7 

3,361 

.755 

3,423 

3 

9 

11 

23 

3,400 

.764 

3.490 

3 

2 

0 

5 

3,485 

.783 

3,542 

4 

2 

0 

6 

3,536 

.794 

8,782 

3 

2 

0 

5 

3.777 

.848 

3.892 

3 

66 

0 

69 

8.823 

.859 

3,957 

4 

80 

0 

84 

3,873 

.870 

4,013 

4 

2 

0 

6 

4,007 

.900 

4,077 

4 

8 

0 

12 

4,066 

.913 

4,376 

4  1                 50 

0 

M 

4.322 

.971 

4,452 

3'                   2 

0 

5 

4,447 

.999 

4,691 

3I                   2 

0 

5 

4,686 

1.053 

5,180 

3i                   7 

0 

10 

5,170 

1.161 

5,602 

^1                   « 

0 

10 

5,492 

1.234 

5,529 

5                   44 

0 

49 

5,480 

1.281 

5,616 

3                    28 

15 

41 

5,575 

1.252 

5.758 

41                 24  i                   0 

28 

1           5.7:« 

1.287 

5,771 

4                     2                     0 

6 

5,765 

1.295 

6,213 

3  1               109  1                   0 

112 

6, 101 

1.870 

j            6,292 

4  ,                   2  1                   0 

6 

6,286 

1.4J- 

8,060 

4 

23 

1                   0 

27 

8,033 

i.a 

98 


STREAM   MEASUREMENTS    IN   1905,  PART   T. 


Averatjr  weekly  floii\  arranged  in  order  of  dryness,  of  Mnrimac  River  at  JyiUTentx,  Jfow., 

for  7905 — (>)ntinued. 


Week  ending 
Sunday— 


Merrimac 
River  at 
Lawrence 

(total 

drainanre 

area =4,664 

Rquaro 

miles). 


Waiting  into  Merrimac  River  from— 


Na.shiia 
River  at 
Clinton 
(drainage 
area=118 
square 
miles). 


Sudbury 
River  at 
Daml 
(drainage 
area =75 
square 
miles). 


I 


Net  yield  of  Merri- 
mac River  from  4.452 
square  miles. 


Lake  Co-   (Total  waste- 
chituate.  j    ofthe«e 
Bannister  ; watersheds 

Brook     j      (total 

(drainage  |  drainage 

area=I9   >  area =212 

square         square 

mil^.)         miles). 


Second-feet  for  seven  days. 


Second-fett. 


Seven 
days. 


'  Per  wiuire 
I      mile. 


December  10  ....'  9,871 

April23 j  9,868 

March  26 '  10,089 

September  24....'  10,833 

SeptemberlO....  11,484 

April  16 16,864 

April  9 22.8:^6 

April  2....: 40,479 

Total, 62  weekN.  298,912 

Weekly  average .  5, 652 


"i 
:! 

4 

4  : 

5  , 

190  I 

4 ; 


6ft 
171 
5 
61 
99 
123 
173 

1,512 
29 


6 

9.365 

2.104 

59  1 

9,809 

2.308 

178 

9,911 

1238 

9 

10,324 

2.319 

64 

11,420 

2.{»5 

115 

16,749 

3.76J 

151  ; 

22,686 

5.096 

218  ' 

40,261 
292,102 

9.  (MS 

1.810 

ei^fm 

35 

1 

5,617 

1.2C 

PEMIGEW^VSSET  RIVEK  AT  PI^YMOUTH  X.  II. 

ThiK  station  was  established  Septemlx?r  5,  1903,  by  N.  C.  (trover.  It  is  UK'atHl  at 
the  wooden  highway  l)rid^e  below  the  mouth  of  Bakers  River,  in  the  town  of  Ply- 
month.  The  drainage  area  at  this  point  is  about  G15  s<inare  milet*.  The  lieatlwaten- 
of  the  river  He  in  the  mountainous  country  to  the  west  of  Mount  Washington,  at 
elevati(ms  of  mori'  than  2,000  feet.  At  North  Woodstock  Pemigewassi^t  River  L< 
formed  by  the  junction  of  Kast  Branch,  Mid<lle  Branch,  and  Moo.silauke  Brook,  at 
an  elevation  of  al>out  7(H)  feet.  Thence  the  waters  flow  south,  retvivinjr  Alarl  River 
from  the  east  and  Bakers  Hivcr  from  the  west,  until  at  Plymouth,  alniut  20  luile^ 
below  North  Woodstin-k,  the  elevatiiui  is  between  400  and  oOl")  feet.  The  nnderlyiin: 
rock  in  this  luisin  is  usually  granite,  ex}»osed  in  the  mountain  summits.  The  Ui^i" 
contains  some  of  the  best  spruce  standing  in  New  England.  Large  areas  in  the 
basin  of  Kast  lirancli  are  still  in  virgin  fnrest;  other  areas  have  Ix^'u  practically 
Htri})ped,  especially  on  Hancock  Brook,  a  tributary  of  >2ast  Branch,  and  in  the  Imsin 
of  Middle  Branch. 

The  height  of  water  at  Plymouth  lias  been  recorded  daily  since  January  1.  IS*^'- 
during  which  time  extensive  deforestation  in  tlu'  basin  above  has  taken  ]»lace.  Thi^ 
rect)rd  of  gage  height  has  been  given  to  the  I'nited  States  Geological  Survey  by  tlu' 
Locks  and  Canals  Company,  (»f  Lowell,  Mass.  From  these  figures  the  montldv  •li'^- 
charge  (^f  the  river  since  that  <late  was  estimat^'d  from  mea*<urements  of  tlow  at  th«' 
station  during  190.3  and  1904.  These  estimates  were  i)ul)lished  in  Water-Supply 
Paper  No.  124,  j.p.  97-101. 

The  channel  is  straight  for  1,000  feet  a])ove  and  Ix'low  the  bridge,  and  is  about  l^'' 
ive\  wide  at  ordinary  sta«res,  broken  by  anv  pier.  The  banks  an*  high  and  ro<'ky. 
The  bed  is  fairly  permanent  near  the  i^age,  but  <'vidences  of  change  in  con<lition'' 
Ih'Iow  and  c<»ns»M|uent  «'bange  in  control  as  regards  velocity  have  been  observe<i  (lur- 
ing 190'.  The  bed  is  n^cky  in  the  right  half  and  gravelly  in  the  left.  The  velocity 
is  rapid  in  the  right  an<l  sluggish  in  the  l<*ft  half. 
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Diaeharge  ineaMuremeiitD  at  onlinary  and  hi}^h  Htageu  are  made  from  tlie  bridge, 
e  initial  {loint  for  soundingH  iH  at  the  top  of  the  face  of  the  right  abutment  on  the 
stream  pide.  At  low  water  the  diHcharge  of  the  left  channel  is  measured  by  wading. 
\.  standanl  c^hain  gage,  which  is  read  twice  each  day  by  Frank  Morton,  is  attached 
tlie  guard  rail  of  the  sidewalk  of  the  bridge  on  the  upstream  side.  The  length  of 
;  chain  is  34.69  feet  The  gage  is  referred  to  bench  marks  as  follows:  (1)  Marked 
nt  on  rail  of  bridge  near  gage;  elevation,  34.00  feet  when  established,  but  changed 
53.96  feet  August  23, 1906.  (2)  North  comer  of  intermediate  cast-iron  gage  set  by 
!  Locks  and  Canals  Company,  of  Lowell,  Mass.;  elevation,  13.27  feet.  (3)  North 
ner  of  lowest  cast-iron  gage  set  by  same  <'ompany;  elevation,  7.11  feet.  All  eleva- 
[)s  refer  U)  the  datum  of  the  gage. 

nfomiation  in  regard  to  this  station  is  t^ontained  in  the  following  Water-Supply 
[)erR  of  the  United  States  Geological  Sur\'ey: 

escription:  97,  pp  73-74;  124,  pp  9^M. 
iitehaige:  97.  p  74;  124,  p  94. 
bchaige,  monthly:  124,  pp  97-101. 
■jjre  heightti:  97,  p  75;  124,  p  95. 
ating  table:  124,  p  96. 

Diiu'futryf  weiuturfnmils  of  I'nnlgewiuwel  Hirer  at  Plymouth y  X.  H.^  in  lfK)>'>. 


Date. 


Hydnigrapher. 


y4 

gust  8a 

gTUit23fr 

^teinber5... 


Murphy  and  Barmw< 

H.  K.  Barrows 

T.  W.  Norcrow 

do 


lober7« ! do, 


tober28a. 
tober28a. 


.do., 
.do. 


(1th. 

Arva  of 
Ktrtion. 

Mean 
velwity.  | 

Gage 
height. 

DiN- 
(Charge. 

^rf. 

Sq./ett. 

Pi.lttri^r. 

FM. 

Sec-feel. 

202 

777 

2.65 

3.94 

2.060 

178 

387 

2.14 

2. 75 

826 

124 

•257 

1.44 

1.80  1 

370 

224 

1,400 

4.17  ' 

6.88 

5,JM0 

142 

282 

1.66 

2.01 

466 

113 

208 

1.15 

1.51 

240 

113 

208 

1.31 

1.57 

272 

oln  left  channel  by  wading. 


I>In  left  channel  by  wading;  meter  fai«tene<l  U)  rod. 
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Daily  gage  height,  in  feet,  of  Pemigeivasset  River  at  PlymotUh,  N.  11. ,  far  1905. 


1.. 

2.. 
8.. 
4.. 

5.. 

6.. 

7.. 

8.. 

9.. 
10. 
11.. 
12., 
18. 
14. 
16. 
16. 
17. 
18.. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28., 
29. 
30. 
31. 


Day. 


Jan.   I  Feb.      Mar.     Apr.     May. 


June.    July.    Aug. 


2.2 

2.22 

2.32 

2.42 

2.6 


8.1        8.1 


8.4 
4.1 
4.26 
4.02 


2.86  ,    2.86 


3.7 


3.26 


2.66 


3.2 


8.2 


3.25 


2.96 


8.9 

8.6 
9.15 
13.1 
11.85 
8.65 
9.25 


4.86 


4.16 


7.66 

6.6 

4.6 

4.4 

4.2 

6.7 

6.8 

6.06 

4.6 

4.6 

6.65 

6.8 

6.6 

6.1 

6.0 

4.35 

4.0 

3.66 

8.4 

3.36 

4.06 

6.9 

6.2 

4.4 

4.3 

4.16 

4.5 

4.7 

4.7 

4.6 


4.4 

2.6 

8.9 

2.4 

8.6 

2.85 

4.2 

2.4 

4.8 

2.85 

4.0 

8.8 

5.16 

3.6 

4.76 

3.0b 

4.1 

2.0 

4,0 

2.6 

8.6 

2.4 

8.4 

2.7 

8.8 

4.65 

8.2 

8.6 

3.2 

3.1 

8.7 

2.8 

8.55 

2.6 

8.8 

2.6 

3.86 

2.4 

3.6 

2.8 

3.8 

2.86 

3.1 

3.35 

2.9 

3.1. 

2.8 

2.7 

2.66 

2.45 

2.6 

2.96 

2.85 

6.3 

2.9 

4.25 

2.75 

3.6 

2.7 

3.1 

2.7 



2.8 

2.8 

6.0 

4.05 

8.8 

2.05 

2.8 

2.6 

2.4 

2.4 

2.2 

2.15 

2.5 

2.26 

2.26 

2.1 

2.0 

2.8 

2.1 

2.5 

2.2 

2.05 

1.86 

1.85 

1.9 

1.76 

1.8 

1.8 

1.8 

1.7 

6.3 


kug. 

Sept. 

Oct 

Not. 

D«. 

4.85 

8.6 

2.85 

2.0 

2.ft 

8.8 

8.8 

2.2 

2,2 

U 

2.8 

4.8 

2.8 

2.0 

u 

2.5 

8.8 

2.25 

2.15 

l» 

2.8 

7.16 

2.2 

2.4 

iU 

2.16 

5.2 

2.15 

2.45 

17i 

2,1 

4.25 

2.0 

2.5 

IS 

2.1 

8.6 

2.0 

2.6 

11 

2.0 

8.25 

2.05 

2.66 

If 

2.1 

2.9 

2.0 

2.4 

Ift 

1.9 

2.6 

1.9 

2.8 

L8 

1.9 

8.0 

8.1 

2.25 

ttf 

1.8 

4.8 

8.65 

2.26 

1« 

1.9 

8.4 

8.9 

2.8 

U 

1.8 

2.9 

8.4 

2.2 

S.1 

2.25 

2.7 

2.7 

2.2 

S.4 

8.8 

2.6 

2.8 

2.1 

S.6 

2.5 

6.2 

2,16* 

1.95 

15 

2.2 

8.16 

2.3 

1.85 

14 

1.9 

6.1 

2.66 

1.8 

IS 

1.9 

6.66 

2.9 

2.05 

11 

1.75 

4.36 

2.65 

2.2 

11 

1.8 

8.6 

2.4 

1.95 

11 

1.7 

8.3 

2.35 

1.96 

10 

1.7 

8.06 

2.16 

2.0 

1J> 

1.7 

8.0 

2.15 

2.4 

•19 

2.2 

2.85 

2.2 

2,45 

2,^ 

2.8 

2.7 

1.86 

2.2 

o  • 

2.36 

2.6 

1.95 

2.4 

iT 

2.0 

2.5 

1.9 

5.0 

4.0 

4.0 

2.06 

ITS 

NOTK.— River  frozen  January  5  to  March  28.  Ice  jam  in  latter  part  of  March  afTected  rase  heifhtt. 
Ice  went  out  March  '2^.  During  frozen  sea.Hou  gage  heights  were  read  to  the  Hurface  of  the  water  in 
a  hole  cut  in  the  ice,  except  January  15  and  March  21,  when  readings  were  taken  to  the  top  of  the 
ice.    The  following  comparative  readings  were  taken: 


WatA^r 
Hurface. 


Top  of 
ice. 


Thick- 
ness of 
ice. 


January  19 
January  22 
January  26 
February  2 
February  9 


January  8,  water  on  top  of  ice. 


Fed. 

Fret. 

3.2 

3.3 

3.2 

3.3 

3.2.S 

3.4 

3.1 

3.3 

2.H5 

3.0 

Fed, 
0.6 

i!o 

1.1 
1.2 


Date. 


Water        Top  of 
I  surface.         ice. 


Thick 

nesBoi 

ice. 


1 


February  16 
February  23 
March  2.... 
March  9.... 
March  16... 


F^cf.     ' 

/brt. 

/>rt. 

3.25! 

3.5 

IS 

2.95 

3.15 

1.3 

3.1 

3.3 

1.5 

2.85  1 

3.0 

1.4 

2.65  1 

2.% 

1.0 

mCBBIMAC   mVER   DRAINAGE    BASIN. 


101 


CONTOOCOOK  RIVER  AT  WE8T  HOPKINTON,  N.  II. 

station  WM  eetabliflhed  Jaly  9,  1903,  by  H.  K.  Barrows.    It  is  located  at  the 
I  highway  bridge  near  the  railway  station  at  West  Hopkinton. 
shannel  is  straight  for  300  feet  above  and  500  feet  below  the  station  and  is 
25  feet  wide  at  ordinary  stages.    The  banks  are  high  and  rocky  and  not  sub- 
overflow.    The  bed  is  rough  and  rocky,  but  permanent,  and  the  current  is 


laige  measurements  are  made  from  the  bridge.    The  initial  point  for  sound- 

at  the  downstream  side  of  the  left  abutment  at  the  top. 

ndard  chain  gage,  which  is  read  twice  each  day  by  Frank  H.  Carr,  is  attached 

lownstream  side  of  the  board  covering  of  the  bridge.    The  length  of  the  chain 

11  feet  when  established,  but  changed  to  26.04  feet  August  29,  1905,  owing  to 

;  of  the  bridge.    The  gage  is  referred  to  bench  marks  as  follows:  (1)  Point  on 

ling  of  bridge  near  the  gage;  elevation,  25.35  feet  above  gage  datum.     (2)  The 

;  point  of  the  laige  rock  on  the  south  side  of  the  road,  15  feet  northwest  of  the 

ttment;  elevation,  21.55  feet  above  gage  datum. 

mation  in  regard  to  this  station  is  contained  in  the  following  Water-Supply 

of  the  United  States  Greological  Survey: 

ption:  97,  p  75;  124,  pp  101-102. 
jrge:  97.  p  75;  124.  p  102. 
.rge,  monthly:  124,  p  104. 
lelghto:  97,  p  75;  124.  p  108. 
:  table:  124,  p  104. 

charge  meamrements  of  Contoocook  River  at  West  Hopkinimi.,  N,  IT.,  for  1906. 


e. 

Width. 

Area  of 
section. 

Mean 
velocity. 

Gafe 
height. 

chaige. 

F.  F.  Pn«<^y 

Feel. 
1.52 
142 
142 
139 
139 
133 
139 
139 
109 
110 

Sq./eet. 
109 
667 
643 
602 
5S4 
472 
674 
674 
138 
163 

Pt.persec. 
8.05 
6.64 
6.51 
G.36 
6.15 
5.09 
6.85 
5.84 
1.36 
1.56 

Feet. 
9.08 
6.42 
6.31 
6.08 
5.93 
6.08 
5.80 
5.80 
2.40 
2.64 

Sec-feet. 
8,770 
4,360 

do 

do 

4,190 

do 

8,830 
3,590 
2,400 
3,360 

do 

T.  W.  NopcrosH 

do 

do 

3,850 

»«.... 

do 

187 

er  22o. 

do : 

254 

a  Partly  by  wading— «)ame  section. 
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Daily  giige  height^  in  feet ^  of  Contoocook  River  at  West  HopkiiUoUy  S.  J(,,ftjT  l^'- 


Day. 

Mar. 













i 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

8.3 

27 

10  2 

28 

11.0 

29 

11.2 

30 

11.5 

31 

10.9 

Apr. 

9.8 

7.7 

6.7 

6.15 

5.8 

6.3 

6.7 

6.3 

5.65 

5.3 

5.5 

5.9 

5.9 

5.5 

5.25 

5.0 

4.7 

4.45 

4.3 

4.2 

4.1 

4.1 

4.05 

3.9 

3.9 

3.8 

3.7 

3.6 

3.G 

3.G 


May. 


7 

6 

5 

4 

3 

25 

25 

2 

15 

1 

35 

8 

8 

7 

6 

5 

3 

25 

2 

15 

1 

0    ! 

0  i 

:.9 

:.«    j 

1.85 


June.      Julv. 


2.9 

2.8 

2.7 

2.7 

2.65 

2.65 

2.7 

2.65 

2.7 

2.6 

2.6 

2.5 

2.5 

2.65 

2.6 

2.56 

2.46 

2.'66 

2.66 

2.65 

2.6 

2.35 

2.4 

2.45 

2.55 

2.5 

2.5 

2.6 

2.45 

2.85 


Aiig. 

3.4 

3.15 

3.0 

2.85 

2.7 

2.6 

2.75 

2.86 

2.9 

2.8 

2.8 

2.75 

3.05 

3.15 

8.1 

3.15 

8.25 

8.45 

8.2 

8.0 

2.7 

2.8 

2.7 

2.7 

2.65 

2.6 

2.56 

2.6 

2.  a'> 

2.G 

2.6 


Sept.        CH't. 


2.6 

2.7 

3,0 

5.05 

5.3 

5.0 

4.25 

3.65 

8.36 

3.15 

2.9 

3.2 

8.95 

4.1 

3.75 

3.4 

3.8 

3.46 

5.5 

6.1 

4.6 

4.3 

3.95 

8.65 

8.46 

3.3 

3.2 

3.1 

3.0 

8.0 


.Vov.     \y«t- 

1    _^ 


2.7    : 

I 
2.8 

2.75 


2.6 
2.6 
2.5 
2.45 


5    I 


2.8 

3.05  I 

8.0 

2.9 

2.9    I 

2.75  ! 

2.7 

2.85 

2.95 

3.1 

3.0 

2.86 

2.8    ' 

2.8 

2.75 

2.7 

^;> 

2.65 
2.6 


2.7 

2.6 

2.T 

2.85 

2.9 

3.0 

3.25 

3.7  , 
3.55 
3.3 
3.2 
3.06 
2.8 

2.8  I 
2.7 

2.7  I 

2.r 

2.8  ] 
2.7    I 
2.7    I 
2.7 
2. 7    ' 
•2.6    ' 
2.7 
2.66 
2.65 
2.6 
2.65 
2.S 
3.3 


$.S 

.=.&& 
5.4 
i4 
IS 
S.75 
3.7 
3.6 
8.75 
3.9 
l,t 
ISf 
4.2 
4.5 
4.4 
4.1' 
3.9 
3.6 
3.7 
S.7 
3.71 
3.> 
3.H 
3.^ 
Ill 
3.4 

%:, 


Note. — Ice  January  1  to  April  1  and  De<;ember  11-31. 

March  27,  hack  water  frooi  i«'c  jam  f>elow  bridge,     .\pril  1,  river  <*h-ftr  <)f  ice.     Anchor  ice  in  rivt 
December  11-17  and  probably  more  or  X&hh  after  that  time. 

Station  raiiiKj  table  for  ('ontoocoffk  Hirer  at  West  Hopkinion,  N.  ff.^  from  Januani  1 

December  31,  1905. 


(Jage 
height. 

Dis 

charge. 

(iage 
height. 

Dis 

•hargc. 

Gage 
height. 

Discharge. 

Gage 
height. 

Dis<-hurge. 

Frtt. 

SfCnnil-frrf. 

/•>>Y. 

,SfCon(i-/rt(. 

Fed. 

Second-fctt. 

Ffct. 

St-COUfl-ftrt. 

•J.;ui 

1(H> 

3.30 

5.H2 

4.;io 

1.46.5 

.5.30 

2.  tis.5 

2.  to 

1.S5 

3.40 

(>51 

4.  40 

1.575 

5.  40 

2.  820 

2.  :^J 

2(n» 

3. .')() 

72  J 

4.:>o 

1.090 

5.50 

2,9«X) 

2.  a) 

2:57 

S.i'A) 

HOI 

4.rx) 

1.S05 

5.  60 

1           3. 100 

2.  70 

270 

3.  70 

SX2 

4.70 

1. 9*2.5 

5.70 

3. 245 

2.  .H> 

:«)M 

3.  .SO 

y«i7 

4.. HO 

2.045 

5.  SO 

3.  i^J5 

2.  «>0 

3v2 

3.  \H) 

i.a'm 

4.  W 

2,  ir>5 

.5.90 

3.  .5.50 

:j.oo 

402 

4.(K) 

M.-H) 

5.  (K) 

2. 290 

6.00 

3.710 

W.  10 

457 

4.10 

i.2:>o 

5. 10 

2.420 

3.  20 

517 

4.20 

1,3.55 

5.  20 

2, 5.50     1 

1 

NoTK.— The  abnve  table  is  ajiplicablc  onlv  for  open-channel  conditions.  It  is  bussed  on  lOdisihai 
mea.su  rem  en  ts  made  during  1905.  It  is  well  defined  between  gage  heights  2.4  feet  and  9  feel.  Ab» 
Sraf(e  height  Ofett  the  rating  (;urve  is  a  tangent,  the  diilerence  being  164  per  tenth. 
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I^Jtimited  mottUdy  tfinrhnrge  of  f\ndoor*)ok  River  at  Weat  llopkiuUm,  S.  J/.fjorlfHJS. 
[DraliiHKv  Hit* H,  110  MiiiHit^n lies.] 

DiwlmrKv  In  K*ciiinl-ftft. 


Month. 


Mnximuni.  Mhiimum.     M«^ii. 


Ruii-<)fT. 

St»fond-fevt 
't  M 
mil 


April 

M«y 

June 

July 

August 

SeptemhcT  . 

October 

November. . 


9.1>» 

8U1 

m;7 

8U6 

i.ao-i 

2r>4 

:«2 

175 

tw 

ia 

2,9«» 

•J37 

4r)7 

197 

HSL» 

2:i7 

•2.711 
44'i 

:V)7  ' 

8ilS  : 
:{(;i 

I 


('•.('•1 

1..V2 
l.OK 

.M71 
2.M 
.  7:w 

.SHI 


7.3K 
1.75 
1.20 
.«74 

i.m 

•2.K\ 
.  S.V2 
.'.82 


8UNCOOK  UIVKU  AT  KAST  PKMllllOKK,  N.  II. 

Sancook  River  entere  the  Merriiiiac  about  (>  inilt's  Ih»1ow  (kmconl  hikI  w  alxmt  27 
miles  long.  It  has  a  total  drainajyre  area  of  alxHit  270  winaro  iiiilt*H.  The  dniina^e 
ba»in  iH  hilly  and  bn)ken.  Bed  and  banks  are  apt  to  Ih'  rocky.  This  river  ha«  a 
hiixe  fall,  a  consideTable  part  of  winch  h&a  l)een  dcveloiXMl. 

A  temporary  gaging  station  was  establisluMl  at  F^^^t  Pembroke  Novenilu'r  :^.  1904, 
by  H.  K.  Barrows.  This  was  discontinueti  .June  .'iO.  HH)5.  The  draina^rc  area  at 
this  point  is  about  250  square  miles.  A  wooden  staff  jrajje,  which  was  read  twi^'c 
each  day  by  <jreorge  P.  Cass,  was  fa^tencnl  to  the  almtmcrit  of  tht^  lii^hway  lirid^re 
oyer  the  canal  channel  to  a  mill  near  this  iHjiiit,  wliich  was  recently  destroyed  }»y 
tire.  It  is  near  the  A llenstown  station,  on  the  lioston  and  Maine  Railroad.  Wlien 
the  gaging  station  was  first  establishet^l  and  for  some  little  time  afterwards  all  of  the 
water,  exceptaslight  amount  which  leakc^i  throujrh  the  dam,  was  tlowiiijr  throujrh 
this  canal  channel.  During  the  hi^h  water  which  iM-cnrn-d  alwmt  March  LN>,  \\H)rt,  a 
portion  of  the  dam  was  carrie<l away,  so  that  after  this  date  a  coii>^i«lerable  part  of  the 
flow  paasetl  through  the  channel  in  which  the  dam  was  locate<l.  ('urrent-nicier 
measurements  made  bt'fore  March  2»3  will  not  apply  in  i-onsiderinj:  «lata  sub.MH|iient 
to  that  time. 

T>i9rhar<je  metvsuremetUa  of  Smu'tHtk  liinr  at  fOisf  Pnnhrakr,  \.  If.,  in  ]'.»() f  , mil  ittth't. 


I)Hte. 


Hy«lri»irrHpher. 


19M.  . 

November  8a...  H.  K.  Barrows  . 
I)e<»eraber21*..:  T.  W.  Nohtos**. 

1905. 

March  20^ F.  E.  Pressey... 

Apr1l4<f do 

AprilTf j do 

Angiut28/ T.  W.  Norenws. 


40 

(Ui 
IJI   ' 
121 
n:{ 


Ari-n  of 
.s«M'tioii. 


10_' 


lu'i;;lil.      clmryi'. 


I 


•J.TI 
H  7:{ 
:i.^7 
i.rw; 


«  Include.^  a  siM*oxnl-fii*t  in  righl  tliuinul. 

bNo  flow  in  rijflit  chnnnol. 

<•  Includes :W wi'ond-ffet  (OHti mated)  in  rijfhi  ehaiinol. 

dlndudo8  700Ht'c«»nd-ft'ot  (i»>limatodj  in  ri^fht  chnnQol. 

f  Inoludt»s  851  w-cond-feet  in  riifht  channel. 

/Includes  74  Hocond-feet  in  rij^ot  chuunol. 


l.iV'* 

'J.  M 
■l.(V.{ 
1.95  I 

1.97 ; 


■.-J>ft. 

IIW 

IS 

1 .  790 


i 
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Daily  gcLge  height^  infeet,  ofSuncook  Rit^  at  East  Pembroke^  K  H.^for  1904  find  1905. 


Day. 

1904. 

Jan. 

Feb. 

19 
Mar. 

05. 

Nov. 

Dec. 

Apr. 

May. 

June. 

1 

1.8 
1.8 
1.85 
1.65 
1.6 
1.85 
1.8 
1.8 
1.5 
1.45 
.  1.16 
1.2 
1.85 
l.S 
1.85 
1.4 
1.4 

1.2 
1.0 
1.0 

1.65 

1.65 

1.65 

1.6 

1.55 

1.55 

1.75 

2.7 

3.0 

2.86 

2.76 

2.55 

2.66 

1.45 

2.15 

2.15 

2.1 

2.15 

1.9 

1.5 
1.8 
1.5 
1.5 

1. 15    6. 65 

2.0 

1.96 

1.95 

2.06 

•2.0 

***2.'05 
1.9 
1.8 
1.8 
1.8 
1.75 

l.S 

2.96 

3.0 

2.6 

2.55 

2.06 

2.15 

2.1 

2.1 

2.1 

1.95 

1.96 

1.15 
1.5 
1.55 

1.75 

2 

1.06 
1.06 
1.06 

5.8 

4.75 

4.66 

5.4 

5.15 

4.7 

3.8 

4.0 

4.28 

4.06 

3.7 

3.45 

3.0 

2,76 

2.8 

2.8 

2.8 

2.8 

2.65 

2.6 

2.4 

2.35 

2.15 

2.1 

1.65 

3 

1.7 
1.8 
1.8 
1.7 
.9 
1.8 
1.8 
1.8 
1.76 
1.75 
1.3 
1.2 
1.96 
1.96 
1.9 
1.85 
1.75 
1.28 
1.3 
1.8 
1.65 
1.9 
1.65 
1.7 
1.56 
1.55 
1.8 
1.85 

1.9 

4 

5 

1.2 

6 

1.36 
1.45 
1.45 
1.65 
1.66 
1.45 

1.06 
1.06 
1.15 
1.15 
1.26 
1.28 

1.75 

7 

l.« 

8 

2.05 

9 

1.8 

10 

L75 

11 

12 , 

1.06 

13 

1.4 

1.46 

1.46 

1.86 

1.85 

1.4 

1.16 
1.16 
1.25 
1.26 
1.36 
1.4 

1.8 

14 

1.85 

16 

1.7 

16 

1.65 

17 

1.66 

18 

":::::::::::;::::::::::::::::;;::::: 

1.8 

20 

1.25 
1.25 
1.15 
1.15 
1.05 
1.05 

2.6 

2.8 

2.76 

2.7 

2.6 

2.9 

2.45 

21 

2,06 

22 

8.15 

28 

1.0 

!.b 

1.7 

1.75 

1.6 

1.46 

1.45 

1.4 

1.65 

1.95 

1.95 

2.85 

24 

2.4 

26 

26 

2.0 

27 

28 

29 

1.0 
1.15 

6.15 

6.75 

7.1 

7.2 

7.05 

3.15 
17 
2.25 

30 

31 

1.:? 
1.8 

1.96 

1 

Note.— Water  below  KaKC  DeoembiT  22-27,  1904; 
After  Man-h  26,  1905.  eondltion.s  changed,  owing  to 
carried  awav.    Station  dL««<)ntinue«i  June  30.  1905. 


reading 
a  j)ortion 


December  27 
of  the  dam  in 


taken  in 
the  right 


the  aftennK»n. 
channel  l>eing 


SITI>Bl'RY  RIVER  AT  FRAMINGHAM  AXD  LAKE  C'OCniTUATK  AT 

C'oc'iirrrATK,  ma-s.^^*. 


8ud})ury  River,  a  small  stream  of  eastern  Massachusetts,  receives  water  from  an 
area  west  of  Framiiigham.  It  flows  thence  in  a  northerly  course  through  meadows 
and  swamps  and  joins  Assabet  River  to  form  Concord  River,  which  in  turn  continues 
northward,  entering  Merrimac  River  imme<iiately  below  the  city  of  Lowell.  St^jrage 
reservoirs  have  been  constructed  by  the  city  of  Boston  and  the  Metropolitan  Water 
and  Sewerage  Board,  controlling  the  greater  part  of  the  flow  from  this  basin. 

Lake  Ox;hituate  drains  into  Sudbury  River  a  short  distance  below  Framingham. 
It  is  controlled  as  a  storage  reservoir  by  the  metropolitan  waterworks. 

Sudbury  River  and  Lake  Cochituate  have  been  studie<i  by  the  engineers  of  the  city 
of  Boston,  the  State  l>oard  of  health  of  Massachusetts,  and  the  Metropolitan  Water 
and  Sewerage  Board,  and  records  of  rainfall  in  the  Sudbury  basin  have  been  kept 
since  1875  an<l  in  the  Cochituate  basin  since  1852,  but  the  latter  are  considered  of 
doubtful  accuracy  previous  to  1872. 
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Xiompanyiiig  tables,  farnished  by  Frederic  P.  Steams,  give  the  results  for 

>  the  averages  for  thirty-one  years  for  Sudbury  River  and  for  forty-three 

Lake  Oochituate: 

lation  Id  regard  to  this  basin  is  contained  in  the  following  publications  of  the 

tates  Greological  Survey.    ( Ann= Annual  Report;  WS= Water-Supply  Paper; 

lUetin.) 

SUDBUBT  BIYBB. 

Ion:  Ann  20,  iy,  pp  74-76;  WS  47,  p  88. 
re,  weeklj:  Bull  140,  pp  86-^. 
«,  monthlj:  WS  86,  p  87. 
*€,  yearly:  Ann  20,  iv,  p  46. 

8UDBUBY  BIVBB  NXAB  FBAMINOHAIC 

ion:  WS  82.  p  58;  97,  p  76;  124,  p  106. 

:e,  monthly:  WS  82,  p  68;  97.  p  77;  124,  p  106. 

data:  WS  82,  p  62;  97.  p  77. 

8UDBUBT  BIVRR  BASIN. 

ion:  Ann  21.  iv,  p  61;  Bull  140,  pp  85-86;  WR  65,  p  26. 

:e:  WS  47,  p  84. 

:e.  monthly:  Ann  20,  iv,  p  75;  W8  35,  p  87;  W8  05,  p  26;  82,  pp  50^1. 

re.  monthly  and  yearly:  Ann  20,  iv,  p  75. 

in  21,  iv,  p  61. 

data:  WS  65,  p  26. 

iJiKB  rOCHITlTATR. 

Ion:  WS  85,  pp  87-88;  47  p  83. 
re.  monthly:  WS  85,  pp  87,38. 

LAKE  COCHITVATK  NEAR  COCHITUATE. 

ion:  WS  82,  p  62;  97,  p  76;  124,  p  105. 

re:  WS  82,  p  54. 

re,  monthly:  WS  82,  p  M;  97,  p  78;  124,  p  107. 

data:  WS  82,  p  54;  97,  p  78;  124.  p  107. 

LAKE  CXK^HI-nrATK  WATBR8HRD. 

ion:  WS  66.  p  26. 

re:  WS  47,  p  84. 

re,  monthly:  WS  65,  p  2fi:  82,  pp  60-61. 

data:  WS  66,  p  26. 
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Yield  and  rainfall  in  Sudbtiry  River  watershed  at  Framiyigham,  Mam. 
[Drainage  area.  75.2  Hquarv  miles.] 


Month. 


Jannar>' 

Febniar>'  .. 

March 

April 

May 

June 

July 

August 

September  . 

October 

November  . 
December. . 


The  year 

187,V1905. 

January 

Februar>' 

March 

April 

May 

June 

July 

AuKUHt •. .. 

Hi'ptembor 

October 

November 

December 


Total  yield, 

in  million 

gallonn. 

_l  _     - 


3,2«8.0 
694.2 

5,822.1 

3,707.4 
693.4 

1,054.0 
413.6 
266.6 

2,811.6 
369.0 
629.0 

2.068.8 

21.817.7 

88, 385. 2 
119.212.5 
214,677.9  , 
146,900.8 

'      80,518.0 

.%,381.4 

13,92f).9 

2(),  (Wr).  «• 

I       lS.9-27.8 

'      \^\  762. ".» 

r>y.  m\.  \ 

77,7tV4.9 

The  perifwl 912, 470. 3 

uToUil  for  month  for  J90.'>;  averjigi' 


Average  yield  of  1 
Hquare  mile. 

Million  gall    c^,„„, 


Rainfall  in  , 
inches.a    | 


1.410 
.330  , 

2.497  ; 

1.643 
.297 
.467 
.177 
.114 

1.246 
.158 
.279 
.887 

.796 

1.223 

1.812 

2.971 

2.100 

1.114 

.520 

.193 

.2S.'> 

.271 

.  495 

.  S4«» 

l.U7«> 

1 .  072 


2. 182 
.510 

3.864 

2.543 
.460 
.723 
.'275 
.177 

1.928 
.245 
.431 

1.373 


1.230 

1.892 

2.803 

4.59<J 

8.249 

1.724 

.805 

.29S 

.441 

.419 

.  7«'>«'» 

1.314 

l.rwV 


Rainfall 
collected, 
in  inches.a 


Wx  cent 
c<>lle«'t«l. 


I 


5.26 

2.20  I 

3. 15  I 

2.72 

1.31 

5.00 

5.47 

2.70 

6.88 

l.M 

2.07 

4.01 

42.31 

4.24 
4.27 
4.55 
3.58 
3.28 
3. 15 
3.73 
4.01 
3.  43 
4.14 
3..H«) 
3.S2 

4r..  09 


2.516  I 

.531 
4.456  I 
2.837 
.530  I 
.806  I 
.316 

■*•! 

2. 152  ' 
.282  : 
.481  i 

1.583 

16.694  '• 

2. 182 

2.942 

5.299  i 

3.626 

1.987 

.S98  ' 

.344 

.509 

.  4r.7 

1 .  4r.<; 

1.920 
'22.  523 


47.  < 
24. -i 
\i\.h 
1W.2 
40.4 
16.1 
5.S 
.  7.6 
31.  S 
18.3 
».S 
39.5 

3».3 

.>.? 

116.6 

101.  s 

y.2 

12.7 
l:i.'- 

:i7.»' 


if  totals  per  ealendiir  month.  1875  to  1905. 
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}1M  and  rainfall  in  Corhituate  Ijike  imUnked  at  Cochitimtej  }ffvw. 
[Drainc^e  uit*a,  1K.K7  Mjiiare  milcH.] 


Month. 


Total  yield. 

in  million 

gallona. 


Average  yield  of  1 
Dquare  mile. 


1906. 


January 

Febmary  . . 

March 

April 

May 

June 

July 

Augruat 

September . 

October 

November  . 
December.. 


The  year. 


1863-1905. 


689.6 
144.1 
1,182.1 
755. 2 
200.6 
235.4 
68. 0 
216.0 
602.7 
258.9 
321.2 
528.4 


January 

February  .. 

March 

April 

May 

June 

July 

August 

Beptcmber . 

October 

November  . 
December. . 


5,202.2 

28,311.6 
36,072.0 
56.066.2 
42, 068. 0 
24,696.5 
11,360.2 
7,  .397. 6 
10,685.7 
10.634.6 
14,557.2 
19,806.4 
24.180.2 


I 


Theperlod 285.8:^(..2 


Million  gal-' 

Ions  per   \ 

day?     ! 


1.179  I 
.273  ' 
2.021  I 
1.334  \ 
.343  ' 
.416 
.116  '. 

1.065  I 
.443 
..%7 
.903 

.755 

1.126 
1..575 
2.228 
1.728  i 
.982  I 
.467 
.294 
.425 
.437 
.579  . 
.814  I 
.961 

.965 


Second- 
feet. 


:  Rainfall  in 
inchett.^ 


1.824 
.422 

3.127 

2.064 
.531 
.643 
.180 
.571 

1.617 
.685  " 
.878  ,' 

1.398 

1. 169 

1.741 

2.436 

3.448 

2.6T4 

1.519 

.722 

.455 

.667 

.676 

.895 

1.259 

1.487 

1.492  i 


KHinfBll 

collected  in 

Inchw.a 


Per  cent 
colle<'te*l. 


5. 40 

2.00 

3.28 

2.87 

1.67 

5.46 

3.24 

2.89 

7.00 

1.35  I 

2.07  i 

4.07 

41.20 

3.97 
3.98 
4.42 
3.r>8 
3.68  I 
3.07  I 

4.11  i 
4.37 
3.59  I 
4.«l 

4.12  ' 
3.56 

46.  87 


2.10 
.44 

3.60 

2.30 
.61 
.72 
.21 
.66 

1.84 
.79 
.98 

1.61 

15.86 

2.01 

2.  .56 

3.98 

2.98 

1.75 

.81 

..53 

.76 

.75 

1.03 

1.40 

1.71 


20.27 


38.9 
22.0 
109.9 
80.2 
39.0 
13.2 
6.4 
22.8 
26. 3 
58.5 
47.3 
39.6 

38.6 

50.5 
64.2 
89.9 
81.1 
47.6 
26.3 
12.8 
17.3 
21.0 
23.8 
ai.l 
48.2 


43.2 


u Total  per  month  for  1905;  Hvoragu  of  totals  per  calendar  mouth  1863  to  1905. 
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SOUTH    BliANCII    NASHUA   RIVER   AT   CLINTON,  MASS. 

Since  July,  1896,  the  flow  of  South  Branch  of  Nashua  River  has  been  measured  at 
Clinton  by  the  engineers  of  the  Metropolitan  Water  and  Sewerage  Board.  The  resalts 
of  these  measurements  have  been  furnished  by  Frederic  P.  Steams,  chief  engineer. 
A  large  storage  reservoir  has  been  constructed  at  Clinton,  Mass.  Water  was  stored 
to  an  appreciable  extent  in  this  reservoir  during  1903.  Beginning  with  1897  theflow 
has  been  corrected  for  loss  and  gain  of  storage  in  ponds  and  mill  reservoirs  on  the 
watershed,  so  that  the  results  show  the  natural  flow  of  the  stream.  The  accom- 
panying tables  give  the  results  for  1905,  also  the  average  for  the  years  1897-1905. 
inclusive. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply 
Papers  of  the  United  States  Greological  Survey: 

DescripUon:  65,  pp  22-24;  82,  pp  54-65;  97,  pp  78-79;  124,  p  108. 
DischaTKe,  monthly:  65,  pp  24-25;  82,  p  55;  97,  p  79;  124,  pp  108-109. 
Rainfall  data:  65,  pp  24-25;  82,  p  55;  97,  p  79;  124,  p  106. 

Yield  and  rainfall  in  South  Branch,  Nashau  River  watenhed,  at  CtinUm^  Mom. 
[Draina^  area,  119  square  miles.] 


Month. 


1905. 


January 

February  .. 

March 

April 

May 

June 

July 

August 

September  . 

October 

November  . 
December. . 


The  year 

1897-1905. 

January 

Febnuiry 

Manh 

April 

xMay 

June 

July 

Augrust. 


Total  Yield 

in  million 

gallons. 


669.6 
507.2 
081.1 
774.1 
('»41.8 
933.8 
347.2 
184.5 
383.5 
352. 6 
579. 0 
7M.5 


39, 223. 7 
43,3tn.l 
105, 107. 7 
80, 080. 5 
40,833.1 
28,481.3 
16, 972. 4 
17,013.4 
September I      14, 601. 5 


Average  yield  of  1 
square  mile. 


Million  gal 

Ions  per 

day. 


October 

November  . 
Di'cember. . 


The  perio<l . 


19,477.2 
26, 160. 8 
50,752.5 


1.266 
.452 

3.004 

1.617 
.445 
.542 
.365 
.321 

1.228 
.367 
.442 

1.018 

.926 

1.181 

1.440 

3. 165 

2.511 

1.230 

.887 

.511 

.512 

.454 

.587 

.814 

1.529 


Seoond- 
feet 


482. 665. 


I 


i.2:« 


1.959 

.700 

4.648 

2.502 


.565 
.497 

1.900 
.567 
.684 

1.575 

1.432 


1.827 

2.228 

4.897 

3.885 

1.902 

1.372 

.791 

.793 

.703 

.907 

1.260 

2.365 

1.910 


Rainfall  in 
inches,  a 


1  I 


6.10 
1.72 
3.95 
2.60 
.83 
4.88 
5.39 
3.09 
6.90 
1.81 
2.52 
3.79 

43.58 


3.89 
3.87 
4.92 
4.29 
3.16 
4.45 
4.M 
4.40 
3.90 
3.54 
3.63 
4.76 


49.35 


Rainfall     p-,-^„» 


2.258 
.729 

5.S58 

2.792 
.794 
.935 
.C51 
.573 

2.119 
.654 
.763 

1.816 


19.442 


2.107 

2.330 

5.647 

4.335 

2.194 

1.530 

.912 

.914 

.785 

1.046 

1.406 

2.727 


25.933 


87.0 
42.8 
135.7 
107.6 
99.2 
19.2 
12.1 
\S.b 
30.7 
Sri.O 
30.4 
47.9 


44.6 


54.1 
60. 2 
114.9 
101.1 
69.5 
S4.4 
20.1 
20.  S 
20.1 
29.6 
38.7 
57.4 

52.6 


"Total  jKjr  month  for  1905;  average  of  totals  per  calendar  month  1897  to  1905. 
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BLACKSTONE  RIVER.  DRAIN  AGE  BASIN. 

DESCRIPTION  OF  BASIN. 

Blackstone  River  rises  in  Worcester  County,  near  the  city  of  Worcester,  Mass., 
flowing  in  a  southeasterly  course  and  emptying  into  Providence  River  at  Pn)vidence, 
below  Pawtucket,  R.  I.,  where  it  is  generally  known  as  Seekonk  River.  It  has 
always  been  important  as  a  water-power  stream,  and  has  been  very  fully  developed 
in  this  way.  There  are  no  large  lakes  in  the  basin,  but  numerous  small  ponds  and 
reservoirs  are  used  for  storage  and  the  flow  of  the  river  is  fairly  constant.  It  has 
numerous  tributaries,  all  of  which,  though  small,  are  utilized  for  power  purposes. 

BLACKSTONE  RIVER  NEAR  WOONSOCKET,  R.  I. 

This  station  was  established  April  5,  1904,  by  N.  C.  Grover.  It  is  located  at  River 
Street  Bridge,  about  midway  between  the  railway  station  at  Woon8o<;ket,  R.  I.,  and 
that  at  Blackstone,  Mass.,  being  1}  miles  from  either  of  these  two  points.  It  is 
about  1  mile  below  the  dam  at  Blackstone  and  three-fourths  of  a  mile  above  the 
dam  at  Woonsocket.    The  drainage  area  at  this  point  is  360  square  miles. 

The  channel  is  straight  for  about  500  feet  above  and  800  feet  below  the  station. 
The  banks  are  high,  rocky,  and  clean,  and  are  not  subject  to  overflow.  The  bed  of 
the  stream  is  of  rock,  gravel,  and  sand,  and  free  from  vegetation.  The  velocity  is 
medium  but  well  sustained  during  low  water.  During  1905  it  has  been  found  that 
this  station  is  considerably  influenced  by  backwater  effect  from  the  dam  at  Woon- 
socket, and  consequently  that  gage  readings  probably  do  not  give  a  true  index  of  the 
flow  during  medium  and  low  stages. 

Discharge  measurements  are  made  from  the  two-span  bridge.  The  initial  point 
for  soundings  is  the  face  of  the  right  abutment  on  the  downstream  side. 

A  standard  chain  gage,  which  is  read  twice  each  day  by  Gerald  Fitzgerald,  is 
attached  to  the  upstream  side  of  the  steel  highway  bridge.  The  length  of  the  chain 
is  22.57  feet.  The  gage  is  referred  to  bench  marks,  as  follows:  (1)  On  the  comer  of 
the  upstream  face  of  the  right  abutment;  elevation,  18.23  feet.  (2)  A  markeil  point 
on  the  bridge  near  the  gage;  elevation,  20.26  feet.  (3)  On  the  upstream  face  of  left 
abatment;  elevation,  18.46  feet.    Elevations  refer  to  gage  datum. 

A  description  of  this  station  and  gage-height  and  discharge  data  are  contained  in 
Water-Supply  Paper  of  the  United  States  Greological  Sur\'ey  No.  124,  pp.  109-110. 

Discharge  meamxrenieiiUt  of  Blackstone  River  near  Wootufocketj  R.  /.,  in  1905. 


Date. 


March  29  . 
March  U  . 
March  81  . 
May  27  ... 
Jnlr26  ... 


Hyditigrapher. 


T.  W.  Norcrow . 

do 

do 

do 

do 


Width. 

Area  of 
section. 

Mean 
velocity. 

hei^l 

Feel. 

Sq.feet. 

FLper.tee. 

Ftct. 

127 

884 

2.32 

4.91 

127 

774 

1.95 

4.13 

127 

763 

1.94 

4.08 

126 

478 

.36 

1.86 

126 

ftW 

.66 

2.49 

Dis- 
charge. 


Sec-feet, 

2,060 

1,510 

1,480 

174 

866 


# 
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DnUy  tjiuje  heighiy  m/eeij  of  BlackiUotie  River  iiear  WtMjtisocketf  R.  J.,  for  190n. 


Day. 

Mar. 

1 
1 

2 

3 

4 

5 ' 

6 

7 

8 

9 ' 

10 

11 

12 

13 

14 ' 

15 

16 ' 

17 

18 1 

19 

20 

21 • i 

■a 1 

2:^... 

3.7  1 

24... 

3.H 

•2.'>. . . 

4.8 

'»(; 

h  8 

27... 

5.  7 

2S.  . 

.'>.  3 

29 

5.  0 

30... 

4  •> 

31 :i.l> 

Apr.       May.      June.  '  July.       Aug.       Sept. 


Oct. 


3.6  . 
3.5 
3.6 
3.2 

3.2  I 

5.0  i 

5.5  j 

4.6  I 
4.0 
3.8  , 

3.6 ; 

4.1  ■ 
4.2! 

3.7  ' 
8.6  i 

3.3  i 

3.2  I 
3.0  I 
2.9 
3.2 
3.3 
3.4 
3.2 
3,2 
3.0 
3.1 
2.9 
2.  H 


2.6 
2.6 
2.6 
,2.6 
2.8 
2.7 
2.6 
2.6 
2.8 
2.5 
2.6 
2.4 
2.6 
2.6 
2.7 
2.8 
2.9 
2. 6 
2.6 
2.6 
2.6 
2.6 
2.  o 
2.1 
2.  :> 
2.  H 


I 


2.2 
2.0 
2.4 
2.6 
2.4 
2.4 
2.6 
2.8 
2.8 
2.8 
2.5 
2.4 
3.6 
2.9 
2.6 
2.4 
2.6 
2.5 
2.3 
2.4 
2.4 
2.8 
2.9 
3.1 
2.9 
2.8 
2. 6 
2.8 
2.  i\ 
2.  1 


2.1 
al.8 
al.9 
2.2 
2.3 
2.2 
2.5 
2.4 
2.3 
2.2  I 
2.2  i 
2.1  '■ 
2.0  , 
2.0  ' 
2.4  ; 
2.6 
2.4 
2.4 
2.2 
2.2 
2.4 
2.2 
al.9 
2.4 
2.0 
2.4 
2.1 
2.0 

l.r, 

2.4 


nl.8 
2.2 
2.2 
2.2 

<il.8 
2.2 
2.2 
2.3 
2.2 
2.4 
2.0 
2.1 
2.4 
2.4 
2.4 
2.4 
2.4 
2.2 

al.8 
2.2 
2.2 
2.1 
2.3 
2.4 
2.4 
2.4 
2.3 


2.2  , 
2.4  { 
2.4 

3.6  ! 
4.0' 
3.6 
3.2  I 
2.8  i 
3.0  I 

2.7  , 
2.8 
2.4 
2,8 
2.6 
2.8 
2.7  ; 
2.6 
2.6  ' 
2,6  I 

..« 
2.6  i 

•2.2! 

2.2 
2.4 

2.6 
2.4 

2.4, 
2.6 
2.4 
2.4 


Nov. 


2.4 
2.4 
2.6 
2.6 
2.4 
2.4 
2.5 
2.4 
2.4 
2.3 

'.'  I 
2.5 

2.4 

2.4  ! 

2.2  : 

2.4 

2.4 

2.4  : 
2.4 
2.6 
2.4 

2.5  I 
2.5 
2.6 

2.5 ; 

2.6 
2.5 
2. 4 
2,  I 
2.4 


2. 3  I 

2,3 

2.2, 

1.9 

2.4, 

2.5 

2.5 

•2.4 

2.4 

2.4 

2.0 

2.0  i 

2.6 

2.1 
2.0 
2.0  I 
2.0  , 


•2.3  j 

2,2 

2.4 

•2.2 

2.2 

•2.2  I 

1.8 

2.1 

■2.1  . 

2.3' 


a  (JjiK'r  lu'lKhts  not  true  imlications  «»f  flow,  as  wat' 

NoTK.  -KiviT  fro/.rii  .lammry  1  to  Man-li  '22.     (lagt- 
WM'kc't  <lain  ami  are  unroliabU'. 


T  way  drawn  dow 
hriphts  arc  affe< 


n  at  dam, one-half  iiiiU* 
•te<l  by  backwater  fnun 


2.5 
2.2 
2.6 

ih 

O   )« 

•2.6 

l.i 

•2.6 

•iS 

2.6 

•2.6 

•16 

2.5 

2.5 

2.4 

•2  2 

•2.5 

2.4 

•2.4 

2.4 

•2.4 

2.H 

2.^ 

•2.8 

•2-8 

2.7 

2.6 

2.  i\ 

o.  0 

3.5 

3.1 

Ijelow. 
Woon- 


THAMES   RIVER   DRAINAGE  BASIN. 

DKSCHIPTION  OF  HASIN. 

TliMineH  Jiivcr  draiiiH  tlie  ea.'^tern  ])art  of  C'oniicctit'ut  and  small  portions  of  Kluxle 
Island  an<l  Ma.^su'linsctts.  The  conntry  thus  included  in  hilly  and  contain.s  many 
natural  lakes  and  poinls,  which  have  l)een  improved  for  reservoir  purjK)ses.  This  is 
a  jrrcat  manufacturing:  secti(»n,  bein^  especially  noted  for  itw  cotton  and  \vo(»len 
industries,  and  there  are  many  important  water-power  privilege?*,  both  develoi»e<l 
and  undevel()i»ed. 

Th<' Thames  is  form(»d  at  Nr)rwi«'h,  Conn.,  l)y  the  union  of  Shetucket  and  Yanlic 
rivers,  and  at  a  distanr-e  of  about  4J  mile.s  from  New  London  enters  Long  Lsland 
Sound.  It  is  ji  tidal  stream  below  N(»rwich.  A  few  miles  above  Norwich  Quinne- 
bau^  Kiver  enters  the  Shetucket  from  the  east.  This  stream  is  the  most  imi>ortant 
tributary  of  the  Slietucket  as  re<:ards  size,  storage  facilities,  etc.  It  rises  in  the  t<>wn 
of  ]irimfi«*l<l,  in  the  s(^»ut hern  part  of  Mas.sachusetts,  and  has  a  total  length  of  alxmt 
t>()  luiles.  .Vt  \Villimanti<-  the  Shetucket  <livides  into  Willimantic  and  Nachaii^ 
rivers,  which  are,  es|)ecially  the  former,  important  water-power  streams. 


THAMES   BIVER   DRAINAGE    BASIN.  Ill 

he  drainage  areaH  of  the  Thames  and  itM  principal  tributaries  are  given  in  the 
>wiiig  table: 

Draimvje  areas  of  Thamejf  River  and  princ:ip<tl  tributaries. 


River.  '  Locality.  Area. 


nex 1  Norwich 1, 300 

1,400 
223 
169 


k) "  New  London 

Imantlc Mouth ^ 

laug I do 

mebftiig ' do \  688 

uckct ' do !  1,200 

>o j  Willlmantic  Ht  gaging  Ktation 396 

tic Mouth 98 


SllETl'CKET  RIVEK  NEAR  WILLIMANTIC,  CONN. 

hin  station  was  established  April  4,  1904,  by  N.  C.  Grover.  It  ie  located  at  the 
1  way  bridge  (locally  known  as  Bingham  Bridge)  alx)ut  1  mile  below  VVillimantic 
1  mile  below  the  junction  of  Willimantic  and  Na<'haug  rivers, 
he  channel  is  straight  for  alx)ut  800  feet  above  and  below  the  station,  and  there 
two  cliannels  at  all  stages.  The  banks  are  high,  rocky,  and  clean,  and  not  sub- 
to  overflow.  The  bed  of  the  stream  is  of  rock  and  permanent.  The  current  is 
;t  at  high  stages,  but  medium  an<l  rather  pcK)rly  distribute<l  at  low.  water.  Owing 
•oiidage  at  the  Willimantic  dam  it  is  difficult  to  obtain  gage  readings  which  cor- 
ly  represe)it  the  daily  flow  at  this  point. 

ischarge  measurements  are  made  from  the  two-span  steel  bridge,  total  length  200 
.  The  initial  point  for  soundings  is  the  extreme  outer  edge  of  the  end  column  of 
downstream  truss  at  the  left  bank. 

standard  chain  gage,  whi(rli  is  read  twice  each  <lay  by  David  Martin,  is  attached 
he  downstream  .side  of  the  bridge  near  the  irenter  of  the  left  si)an.  The  length  of 
chain  is  22.49  feet.  The  gage  is  referrtHl  to  l^nch  marks  as  follows:  (1 )  Marked 
it  on  bridge  near  the  gage  scale;  elevation,  21.46  ft»et  when  establishe<l,  but 
nged  to  21.39  feet  September  6,  19C5.  (2)  Top  of  left  abutment  on  tlie  down- 
am  corner;  elevation,  21.76  feet.  (3)  Top  of  face  of  right  abutment  on  the  down- 
am  comer;  elevation,  21.19  feet.  (4)  Top  of  downstream  point  of  the  pier; 
ation,  19.77  feet.     All  elevations  refer  to  gage  datum. 

description  of  this  station  and  gage  height  and  discharge  data  are  contained  in 
ter-Supply  Paper  of  the  United  States  Geological  Survey  No.  124,  pages  112-113. 

IHsvhartje  mfitJ*tirtinrntx  of' Shtiurket  Hirer  near  Willimantirj  Conn,,  in  19f)S, 
Datf.  HydrojfrHpht'r. 


-h  29 T.  W.  NoniroMs  . 

phSl do 

17 do 

Ki d<. 

27 do 

2« do 

2K ..do 

fjnijer  6 do 


V'idth. 

Area  of 
Mcction. 

Mean 
velocity. 

Gage 
height. 

DlH- 

charge. 

J-Vfi. 

s^l. 

f€fi. 

Ft.jttr.ivr. 

Ftrt. 

Src.-/rtt. 

154 

896 

3.19 

6.10 

2,860 

154 

746 

2.00 

5. 16 

1,940 

154 

«»17 

S.  32 

6.3:i 

3,ft50 

14:{ 

519 

1.5S 

3. 62 

822 

l:^'^ 

4i»5 

l.(W 

2.  «5 

439 

i:il 

MA 

.H7 

2. 51 

316 

124 

•J96 

.45 

2. 01 

133 

I3r. 

5*53 

1.95 

4.15 

i-a 

112 
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Daily  gage  height^  infeety  of  Shttucket  River  near  WiUimantiCf  CdnrLf  /or  1905. 


Day.          1  Jan. 

Feb. 

Mar. 

Apr. 

, 1 

8.2 
2.8 
2.4 
2.7 

4.4 
4.2 
4.2 
4.1 
5.2 
7.4 
6.8 
5.2 
4.6 
4.2 
5.0 
5.2 
4.7 
4.2 
3.8 
3.0 
3.5 
3.9 
3.4 
3.4 
8.6 
4.0 
3.8 
3.6 
3.4 
3.0 
3,2 

2 1 

.  .    . 

s 

4 

5 i 1 

2.5 
3.3 
3.4 
11.6 
4.2 
5.4 
5.6 
5.0 
4.4 
4.0 
3.8 
4.2 
4.0 
4.3 
5.8 
6.8 
6.6 
6.8 
6.0 
5.1 
6.9 
7.1 
7.0 
6.8 
7.0 
6.5 
5.4 

6 1 1 

7 

8 

9 1 

10 

11 

12 

. 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

1 

SI 

29 

1 

3.1 

30 

3.2 

3, L_ 

May. 

June. 

3.2 

2.4 

3.0 

2.4 

2.8 

.  l.R 

8.0 

1.6 

2.9 

2.2 

2.8 

2.9 

2.9 

3.1 

2.8 

8.2 

2.8 

8.2 

2.8 

2.6 

2.8 

2.6 

2.8 

S.1 

3.0 

8.0 

2.6 

8.2 

8.4 

8.9 

8.0 

3.5 

3.0 

3.1 

2.9 

3.2 

3.0 

8.1 

2.8 

4.7 

2.8 

4.4 

8.2 

3.7 

2.9 

8.2 

3.0 

8.3 

2.8 

3.2 

2.9 

3.1 

2.5 

2.8 

2.4 

3.0 

2.8 

2.9 

2.4 

2.6 

2  8 

July. 


I 
Aug.  I  Sept. 


Oct 


Nov.  j  Dec. 


2.5' 

2.3  1 
2.5' 
2,4 
2.2 
3,1  i 
2.5, 
2.5 
3.0  I 
2.7  I 
2.5 

2.7  I 
3,0 

2.8  ' 
2.6 
2.6 
2.7 
3.1 
2.7  I 
2,6 
2.6' 
2.5  I 

2.4  ' 
2.8 
3.0 
2.5; 
2.5 
2.5 
2.6 


3.1 

3.4 

6.2 

5.1 

4-8 

8.4 

S.4 

%.^ 

S.S 

s.1 

S-J 

S.2 
S.3 
S.2 
8.S 

s.d 

u 

u 

4.0 

a 

u 
u 

3.5 

5.1 
4.i 


Gage  heights  omitted  from  July  1  to  October  SI. 


Note.— No  gage  heights  during  frozen  sea-son. 
incluHlve,  not  being  well  determined. 

Station  rating  table  for  Shetncket  River  near  WUlimanliCj  CoJin.,  from  April  4,  Z^-^?'^ 

December  SU  1905. 


Gage 
height. 

Discharge. 

Gage 
height. 

Ft  ft. 

Stcond-fni. 

Fret. 

2. 50 

310 

3.70 

2.60 

345 

3.80 

2.70 

385 

3.yo 

2.  SO 

4  2.5     ' 

4.00 

2.W 

165    , 

4.10 

3.00 

510 

4.20 

3.10 

5.5,5 

4.30 

3.20 

603     1 

4.40 

3.:W) 

r.54    : 

4.  .50 

3.  10 

7()f. 

4.00 

3.  :rf) 

7.'»H 

1.70 

3.  CO 

H14 

4.K) 

Discharge. ' 

(Jage 
height. 

Di.scharge. ' 

Gage 
height 

S<r<md-/tet. 

Fot. 

Second-fed. 

Feet. 

870 

4.90 

1,720    1 

6.01) 

930 

.5.00 

1.805 

6.10 

990 

,5.10 

1.890    1 

6.20 

1,055 

5. 20 

1,980 

6.W 

1,120 

.5.30 

2,070 

6.40 

1,190 

.5.40 

2,160 

6..X) 

1.260 

.5.50 

2,255 

6.60 

1,830 

5.60 

2.350 

6.70 

1.405 

.5.70 

2.445 

6.80 

1,4.H0 

5.  HO 

2.540    1 

6.90 

1 .  .54K> 

5.  90 

2, 635 

7.00 

i.r^jo 

1 

I 


Discharge.  | 

.Srcond-frd, 
2,730    j 
2.^ 
'2,930   I 

3.130  I 

.3.230  I 

3.835  j 

3,440  I 

3,546  I 
3.  TwtO 
3.7.'>5 


Note. — The  alxjve  table  is  applicable  (inly  for  open-channel  conditions.  It  iHtiasedon  isdii^h*'^ 
meH.*'urvments  made  during  1904-5.  It  \h  well  defined  lj<^tween  gage  heights  2.5  feet  and  6.^  i^' 
Estimates  below  gage  height  2.5  led  are  somevi^xBLl  uueertain. 
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EiUmated  monthly  d\»charge  of  Shetucket  River  near  MlUimantiCf  Conn,^  for  190jh6, 
[Drainanre  area,  396  nquare  miles.] 


Month. 


1904. 


pril4-30., 
ay 


ine 

Jy 

ipiirt 

Piember 

^ber 

)vember 

icembcr  1-17,  28-Sl .... 

1906. 

arch 

?ril 

*y 

ine 

wember 

scember 


Discharge  In  second-feet. 

Run-off. 

Maximum. 

Minimum. 

Mean. 

Second-feet 

per  so  uare 

mile. 

Depth  in 
inches. 

4,420 

1 

758 

1,784 

4.50 

4.51 

2,350 

3«5  1 

920 

2.32 

2.68 

555 

84 

326 

.823 

.918 

346 

^1 

221 

.558 

.643 

930 

126 

373 

.942 

1.09 

2,930 

66| 

428 

1.08 

1.20 

930 

207 

3% 

1.00 

1.15 

990 

150  1 

381 

.962 

1.07 

3,755 

126    ; 

1 

831 

2.10 

1.64 

3.86ft 

276 

1,937 

4.89 

5.64 

4,195 

510 

1,254 

8.17 

3.54 

706 

275 

455 

1.15 

1.83 

1,560 

66 

565 

1.43 

1,60 

555 

207 

364 

.919 

1.03 

2.930 

^55 

902 

2.28 

2.63 

Note.— River  frozen  December  18-27, 1904. 


CONNECTICUT  RIVER  DRAINAGE  BASIN. 

DESCRIPTIOX  OF  BA8IX. 

Connecticut  River  has  it«  source  in  Connecticut  I^ke  in  northern  New  Hampshire. 
8  extreme  headwaters,  however,  lie  in  the  Province  of  Quebec  and  in  the  moun- 
ina  on  the  northern  boundary  of  New  Hampshire;  thence  the  river  flows  in  a 
•Qtherly  direction  between  New  Ham}>8hire  and  Vennont  and  through  Massa- 
^usetts  and  Connecticut  into  Long  Island  Sound.  The  total  drainage  area  is  11,086 
uare  miles,  of  which  155  square  miles  lie  in  the  Province  of  Quebec.  Its  total 
Qgth  from  Connecticut  Lake  to  Long  Island  Sound  is  345  miles.  On  its  banks  are 
wiy  cities  and  towns  of  importance.  It  is  in  general  closely  followed  by  one  or 
ore  railroad  lines.  Water  power  is  used  at  several  points,  notably  at  Windsor 
*ck8,  Conn. ;  Holyoke  and  Turners  Falls,  Mass. ;  and  Bellows  Falls  and  Wilder, 
-  The  valley  of  Connecticut  River  proper  is  very  generally  in  farm  lands.  Many 
'te  tributary  basins,  however,  especially  in  the  northern  portions,  are  heavily 
•oded. 

IBB  165— 06 8 


314 
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The  drainage  areas  of  the  river  and  of  several  of  its  tributaries  are  given  in  the 
following  table: 

Drainage  arecu  of  Connecticut  River  and  tributaries. 


River. 


LocaUty. 


Ai«a. 


Connecticut 

Do 

Do 

Do 

Do 

Israel 

Do 

AmmonooBuo. . . 

Zealand 

Uttle 

Do... 

White 

Ashuelot 

Deerfleld 

Do 

Ghicopee 

Ware 

Do 

Do 

Quaboag  

Do 

Swift 

Do 

Wostfiehl 

Do 

Westneld  Little. 

Do 

Salmon 

Do 


8q. 


In  Canada 

Orford,  N.  H.,  at  ga«ring  station 

Sunderland,  Mass.,  at  gaging  station 

Hartford,  Conn 

Mouth 

Above  South  Branch,  at  gaging  station  . . 
Below  South  Branch,  at  gaging  station. . . 
Bretton  Woods,  N.  H.,  at  gaging  station.. 

Mouth  and  at  gaging  station 

At  gaging  station 

Mouth 

Sharon,  Vt 

Winchester,  N.  H 

Mouth 

Deerfleld,  Mass. ,  at  gaging  station 

Mouth 

do 

Gilbertville,  Mass 

Ware,  Mass.,  at  gaging  station 

Mouth 

West  Warren,  Mass.,  at  gaging  station  . . . 

Mouth 

West  Ware,  Mass.,  at  gaging  Htation 

Mouth 

Rus.sell,  Ma»s.,  at  gajfi up  station 

Mouth 

At  paging  station,  near  Blandford,  Mass  . 

Mouth 

At  gaging  station,  Leesville,  Conn 


mOa. 

155 

3,305 

7,700 

10.235 

11,065 

8.7 

2L2 

34 

14 

U 

12 

680 

S85 

687 

550 

730 

228 

160 

162 

213 

144 

218 

IK 

51* 

331 

83.6 

43.2 

152 

115 
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CONNECTICUT  RIVER  NEAR  ORFORB,  N.  H. 

This  station  was  established  August  6,  1900,  by  £.  G.  Paul.  It  is  located  at  the 
Doden  highway  bridge  between  Orford,  N.  H.,  and  Fairlee,  Vt.,  and  is  about  76 
ilea  from  the  source  of  the  stream. 

The  channel  is  straight  for  at  least  1,000  feet  above  and  below  the  station,  is  about 
5  feet  wide  at  ordinary  stages  of  the  river,  and  is  broken  by  one  pier.     The  bed  is 
gravel  and  permanent,  while  the  current  is  strong. 
Discharge  measurements  are  made  from  the  bridge. 

A  standard  chain  gage,  which  is  read  once  each  day  by  Frank  H.  Gardner,  is 
bached  to  the  inside  tinil)ers  of  the  upjHjr  side  of  the  bridge,  125  feet  from  the  left 
*utment.  The  length  of  the  chain  is  42.95  feet.  The  gage  is  referred  to  bench 
arks  as  follows:  ( 1 )  Top  of  downstream  comer  of  right  abutment  at  face;  elevation, 
.34  feet.  (2)  Chisel  draft  marked  *'B.  M."  in  base  of  <lownstream  comer  of  left 
►utment  at  face;  elevation,  30.04  feet.  (3)  Nail  in  root  of  elm  tree  on  Orfonl  side, 
A  feet  from  southwest  comer  of  bridge  and  11.6  feet  from  pnKiuced  line  of  down- 
ream  side  of  bridge;  elevation,  39.06  feet.  Elevations  are  above  datum  of  the  gage. 
Information  in  reganl  to  this  station  is  contained  in  the  following  Water-Supply 
ipers  of  the  United  States  Geological  Survey: 

DeacripUon:  47,  p  34;  65.  p  29;  82,  p  46;  97.  p  81;  124.  p  116. 
DiflCharge:  65,  p  29;  82,  p  47;  97,  p  81-,.124,  p  116. 
Discharge,  monthly:  75,  p  23;  82,  p  48;  97.  p  84;  124,  p  119. 
Sage  heighto:  47,  p  ai;  65,  p  80;  82.  p  47;  97,  p  82;  124,  p  1 17. 
Rating  tables:  65,  p  818;  97,  pp  82-84;  124,  pp  118-119. 

Discharge  meatturements  of  (onnecticvt  River ^  iiear  Orfordy  X.  if.,  in  1906. 


Date. 


Hydrogmphor. 


;bruar>'  28i..   T.  W.  Norcross  . 

arch  l** I do 

arch  \c j do 


pril  5 i  A.  D.  Buttcrticld . 

?iil  6 1 do 

ji||rii8t30 T.W.  Noreitww  ... 


Width. 


I  Areii  of       Mean 
;  sei'tion.    velwity. 


Feet. 
235 
235 
235 
313 
313 
'2X'l 


I 


Sij./rti.    Ft.jteriter 


775 

7m 

794 

3,650 

3,590 

1.770 


O.HH  I 


I 


3.15 
3.04  1 

i.r»8  ' 


Gage 
height. 

Feet. 
4.07 
4.26 
4.25 
11.90 
11.70 
5.62 


Die- 
charge. 


Sec.'/eet. 

686 

766 

739 

11,600 

10.900 

2,980 


a  Gage  height  to  top  of  ice,  4.22  feet.  Ice.  2.05  feet  thick  at  gage. 
B  to  water  mirfoce.  1.77  feet.  Average  thicknew  of  ice.  2.01  feet. 
bGfkge  height  to  top  of  ice,  4.40  feet.  Ice,  2.1  feet  thick  at  gage. 
f  to  water  fnirface,  1.86  feet.  Average  thickness  of  ice,  2.09  feet. 
c  Gage  height  to  top  of  ice,  4.40  feet.    Ice,  2. 1  feet  thick  at  gage. 


.Vvemge  di.siauce  from  bottom  of 
Average  distance  from  bottom  of 


I 
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Daily  gage  height^  infeet^  of  Connecticut  River  near  (Jrford^  X,  H,,for  1905. 


Day. 

Jan. 

_ 

4    1 

Feb. 

Mar.      Apr. 

1 

23.0 
22.0 
18.4 
14.2 
12.0 
11.8 
13.2 
13.0 
12.4 

2 

3 

4 ' 

6 

4.2 

4.2 

6 

8 1      3. 9 

9 ' 

10 1 

1 

11.0 

11 1 1 

11.3 

12 4.5         4.3 

13 1 

12.7 
13.3 

14 ; ' 

13.2 

15 

47 

13.0 

16 

12.6 

17 

11.6 

18 

■  "  1 

10.6 

19 ':      4.4 

20 

5.0 
6.4 
7.6 

9.6 
9.1 

21 ■ 

11.8 

•22 1      4.4 

23 

8.1 
8.2 
8.3 
9.9 
16.4 
19.0 
22.4 
24.  H 
24.8 
24. 0 

13.6 
14.2 

24 

13.4 

25 

12.0 

26 4.3 

27 i 

11.0 
10.9 

28 

11.5 

29 4.3  1 

30 

12.  2 
12.8 

31.     .       .           .1 _J.     _ 

May. 


12.8 
12.6 
10.9 
11.2 
12.4 
12.8 
13.0 
12,8 
12.3 
11.2 
11.6 
11.3 
10.0 
9*7 
9.5 
9.2 
9.0 
9.2 
9.1 
9.0 
9.0 
8.9 
8.6 
8.0 
7.4 
7.1 
6.6 
8.7 
9.1 
8.  1 
7.1 


June. 


6.9 
6.7 
6.2 
6.3 
6.5 
6.6 
7.6 
7.0 
6.8 
6.2 
5.8 
5.4 
6.0 
7.6 
8.1 
7.4 
7.0 
5.7 
5.8 
6.1 
6.9 
6.0 
6.0 
5.9 
5.5 
5.1 
5.9 
9.2 
9.4 
8.2 


July.     Aug. 

I 


8.7 
9.1 
11.4 
15.6 
14.2 
11.1 
7.2 
6.4 
6.0 
5.8 
6.6 
5.2 
6.3 
6.2 
5.0 
6.1 
5.2 
5.1 
5.1 
6.4 
6.5 
6.1 
5.0 
4.6 
4.3 
3.9 
3.9 
3.8 
3.8 
3.7 
6.0 


6.2 
7.4 
9.3 
7.7 
6.8 
5.6 
5.1 
5.1 
5.6 
6.9 
6.1 
6.3 
4.9 
6.0 
5.1 
5.9 
8.3 
8.4 
7.5 
6.4 
6.6 
5.1 
4.8 
4.4 
3.9 
3.6 
3.6 
4.6 
G.2 
5.9 
6.9 


Sept. 

8.8  ; 

7.8  I 

6.6  I 

8.7  I 
9.6  j 
9.2 
8.4  I 

7.8  j 
7.1  I 
6.5 

5.8  1 

5.6  I 

6.7  j 
6.6 
5. 4  ' 
5.1  j 
6.0  I 
6.6  ' 

10.6  I 
11.4 
11.4 
11.0 

9.8 

8.4 

8.0 

7.0 

6.9  I 
6.  .'> 
6.2! 
6.0  i 


Oct.   I  Nov.    Dec. 


I 


5.8 

5.7 
5.4  I 

6.4  I 
5.2  I 
6.1, 
5.0  I 

4.8  I 
4.7  ' 
4.6 
4.6  ' 

4.5  I 
5.4  I 

5.5, 
6.2 

4.9  I 
4.9 
5.0  I 
5.3 

5.6  , 
5.6  I 
6.6 
6.4  I 
5.0 
4.6  I 
4.6 
4.«i 
4.6 
4.2    . 


4.4 

4.5  i 
4.4 

4.5 
4.7 
5,6, 
6.1 

6.5  1 
6.3  1 

6.2  I 
6.0 
5.9' 

5.6  I 
5.6  I 

5.5  I 

5.3  I 

5.6  i 

-I 

O.  I 

5.9  I 

5.3  ' 

4.9 1 

5.1 

5.4  ' 

.S.5| 
6. 2 
8.1  ! 


9.0 

10.1 

10,9 

11.4 

110 

11.2 

11.0 

10.8 

10.2 

8.4 

7.8 

6.6 

6.5 

6.4 

6.4 

6.4 

6.6 

6.1 

5.6 

5.^ 

6.1 

6.6 

7.0 

7.1 

7.0 

7.0 


I 


NoTK. — River  frozen  January  1  to  March  25  and  November  30  to  December  5.  During  frozen  j**.*- 
son  gage  heights  wen'  n*ad  t<»  the  surface  of  the  water  in  a  hole  cut  in  the  ice,  except  March  19-25. 
when  readings  were  taken  to  toj»  of  ice.    The  following  comparative  readings  were  taken: 


January  1 . . 
Januarys.. 
January  15. 
January  22 . 
January  29  . 
February  5, 


Water 
surface. 

Top  of    1 
ice. 

Thick  - 

ne.s.s  of 

ice. 

Fctl. 

Fat. 

Fert. 

4.1 

4.2  1 

1.3 

3.9 

4.0  1 

1.0 

4.7 

4.8 

1.5 

4.4 

1.6 

1.6 

4.3  ' 

4.5 

1.7 

4.2 

4.4  1 

2.1 

Date. 


February  12 . 
February  19  . 
February  26  . 

March  5 

I  Mar<'hl2.... 
March  19-25  . 


Water 
siirface. 


Fat. 
4.5 
4.4 

4.3  1 
4.2  I 
4.3 


Top  of 


Fcft. 


4.5 
4.5 
4.6  ! 
4.4  I 
4.4 


•2.1 
1.9 


2.1 
16 


March  26.  river  clear  of  ice.    November  30,  river  frozen  over;  ice  0.1  foot  thick.    December  5.  rivir 
clear  of  ice. 
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ttiiion  ratimj  lih^r  for  (^nnurticut    River  near  Orfordj  X.  H.^from  March  29   to 
yoveinhcr  r:,  lUO/,,  and  from  March  26  to  Sot  ember  SO,  1905. 


hefg^ht.     I>i«<harKe. 


Gage 
height . 


I.i,..harKe.  |  ^^X 


I 

I  Discharge. 


Gage 
height. 


Dieicharge. 


Feet. 

f^c<md-fe€t. 

Fret. 

Srctmd'/ert. 

Fed. 

.Second  feet.  ; 

Feet. 

Second-feet. , 

2.00 

G40 

3.  SO 

1,600 

5.60 

3,070 

8.80 

6,&10 

2. 10 

6«0 

3.90 

1,670 

5.70 

3. 170     . 

9.00 

6,900 

2.20 

7r> 

4.00 

1,740 

5.80 

3,270 

9. -20 

7,160 

2.30 

770 

4.10 

I.HIO 

5.90 

3,370 

9.40 

7,420    , 

1         2. 40 

81.-) 

4.20 

1,880 

6.00 

3.470    ;; 

9.60 

7,690    ' 

'         2.,50 

1              S60 

4.30 

1,950 

6.20 

3.680    l| 

9.80 

7,970 

2.50 

905 

4.10 

2.030 

6.40 

3,900 

10.00 

8,250 

2.70 

950 

4.50 

2,110 

6.60 

4,120 

10.20 

8,530 

2.  SO 

1,000 

4.60 

2,190 

6.80 

4,340 

10.40 

8,810 

2.90 

i.av) 

4.70 

2,270 

7.00 

1560     ] 

10.60 

9,100 

3.00 

1,100 

4.80 

2,350 

7. '20 

4.780    , 

10.80 

9.400 

!        3. 10 

1,160 

4.90 

2,430 

7.40 

5,000 

11.00 

9,700 

3.20 

1,220 

5.00 

2.520 

7.<'.0 

5,220 

11.20 

10,000 

3.  SO 

1.280 

5. 10 

2,610 

7.80 

5.440 

11.40 

10,300 

3.40 

1.340 

5.20 

2,700     1 

8.00 

5,660     1 

11.60 

10,600 

!        3.  .50 

:          1,400 

5.30 

2.790 

8.20 

5,900     ' 

11.80 

10,900 

3.60 

1       \,\m 

5.40 

2,880 

8.40 

6,140 

12.00 

11,200 

3.70 

1 

I.Tk-JO 

5.50 

2,970 

8.60 

6,380 

>TB.— The  above  table  in  applicable  only  for  open-channel  couditionj*.  It  is  bajted  on  dischaiKe 
surements  made  during  1900-19(ft.  It  is  M'ell  defined  l>etween  gage  heights  2  feet  and  12  feet, 
ve  gage  height  12  feet  the  rating  curve  is  a  tangent,  the  difference  being  167  per  tenth.  Two 
nated  and  one  measured  duchargefl  are  used  an  the  ba.sifl  for  extending  the  curve  above  ga^e 
rht  12  feet. 

Eglimated  mtmthhi  discharge  of  ConneciiciU  Hirer  near  Orfordj  N.  H.^for  1905. 
[Drainage  area,  3.805  mjuare  miles.] 


Month. 


11  .....* 

e 

list 

ember. 

)ber 

embera 


Dischai 

-ge  in  8econ( 
Minimum. 

1-feet.        ; 
Mean.    1 

Run-ofT. 

Maximum. 

Second-feet 

per  square 

mile. 

Depth  in 
inches. 

28,470 

7,030 

12,880 

3.90 

4.86 

12,770 

4.120 

8,340 

2.52 

2.90 

7,420 

2,610 

4.179 

1.26 

1.41 

16,700 

1,530 

4,334 

1.31 

1.61 

7,290 

1,460 

3,426  ; 

1.04 

1.20 

10,300 

2,620 

5,392  1 

1.68 

1.82 

3,270 

1,880 

2,622  1 

.793 

.914 

5,780 

2,030 

3,068 

.928 

1.04 

a  No  correction  made  in  discharge  November  30  for  ice  conditions. 


i 
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CONNECTICUT  RIVER  AT  SUNDERLAND,  MASS. 

This  station  was  established  March  31,  1904,  by  N.  C.  Grover.  It  is  located  at  a 
five-span  steel  highway  bridge,  with  a  total  length  of  about  830  feet,  at  Sunderland. 
The  nearest  railway  station  is  at  South  Deerfield.  The  gaging  station  is  about  \^ 
miles  above  the  dam  at  Holyoke  and  about  5  miles  below  that  at  Turners  Falk 

The  channel  is  straight  for  1,000  feet  above  and  below  the  station.  Both  banks* 
are  high,  rocky,  and  wooded,  and  not  subject  to  ovei-flow.  The  bed  of  the  stream  is 
of  gravel,  clean  and  permanent.  There  are  five  channels  at  all  stages.  The  current 
is  swift  at  high  and  me<lium  at  low  stages. 

Discharge  measurements  are  made  from  the  downstream  side  of  the  bridge.  The? 
initial  point  for  soundings  is  the  face  of  the  left  abutment  at  the  top  on  the  do^ii— 
stream  side. 

A  standard  chain  gage,  which  is  reatl  twice  each  day  by  V.  LAwer,  is  attached  to^ 
the  downstream  side  of  the  bridge  near  the  left  bank.  The  length  of  the  chain  was^ 
42.79  feet  when  established,  but  changed  to  42.93  feet  September  1,  1905,  owing  tc:^ 
movement  of  bridge.  The  gage  is  referred  to  bench  marks  as  follows:  (1)  On  thi^ 
bottom  chord  of  the  bridge  directly  under  the  downspout  of  gage;  elevation,  37.81 
feet;  (2)  corner  of  left  bridge  seat  at  the  top  of  the  downstream  face;  elevation  ^ 
37.06  feet;  (3)  northwest  corner  of  the  coping  of  the  downstream  end  of  the  pip^ 
culvert,  250  feet  east  from  the  left  end  of  the  bridge;  elevation,  32.91  feet.  All  ele- 
vations are  above  the  datum  of  the  gage. 

A  description  of  this  station  and  gage-height  and  dischai^  data  are  contained  iitm, 
Water-Supply  Paper  of  the  Uniteil  States  Geological  Survey  No.  124,  pp.  120-121. 

JHscharye  meajniremenis  of  Connecticut  Hiver  at  Sundtrhnd^  Mo*s.y  in  J90o. 


Date. 


HydrojfrttpJJtT. 


April  3 T, 

April  6 

April  14 ! do 

April  27 do 

May  18 ' do 

August  \s ' d«) 

September  1  ...; do 

Septeinbt-ry  ...j do 


W.  Xoreross 
-do 


Width. 

Area  of 
section. 

Mean 
velocity. 

Gage 
height. 

Fat. 

Sq./cd. 

Ft,per9cc. 

Fed. 

TsT 

15, 400 

3.VM 

20.11 

777 

11,000 

3.84 

15.20 

77r) 

11.  KK) 

3.75 

14.57 

^14 

0,970 

3.27 

9.28 

73(J 

6,510 

2.92 

7.67 

731 

5,410 

2.  72 

7.46 

r.y7 

3. 390 

2.14 

4.  7.^ 

Dis- 
charge. 

Sec. -fed, 
60,600 
44.600 
41.6* 
'Iim 
16.100 
14.700 
7.J41) 
l.'»,t>JO 
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oily  gage  heigfU^  infeety  of  OonnecticiU  River  at  Sunderlnnd^  Mass,,  for  1905. 


f. 

Jan. 

Feb.  i  Mar. 

Apr. 

May. 

June.    July. 

1 

Aug.  .  Sept. 

Oct, 

Nov. 

Dec. 

27.25 
23.75 

9.3 
9.35 
9.1 
8.86 

5.3 
4.9 
4.56 
4.36 

6.35 

5.6 

4.8 

6.9 

9.3 

10. 55       4.  7 

5  4 

4.2 
4.2 
4.2 

7  45 

9. 1         5. 85 

ft  1 

6  36 

19.95 
17.35 
15.46 

1              1        - 
7.95  !     7.7         hi 

6.8 

4.85      4.75 

7.5 
6.55 
5.45 
4.95 

12.4    i     5. 0 

4.4 

13.3 

8.6 

4.3 

14.55 

12.7 

10.8 

4.9 

4  7 

11.6 

1 

15.45 
16.45 
15.06 

8.75       4.6        9.2 
9.0        4.7         7.9 

9.05  i    5.4        6.55 
8.9    :    5.7        6.65 

8.6  5.4        4.9 
8.4        4.95  j    4.7 
8.06  :    4.5    1    4.3 

4.7    1    A  9 

9  9 

4.5 

4.3 

4.05 

4.2 

4.15 

4.3 

5.55 

6.5 

6.3 

5.9 

6.6 

8  75 

4.9 

0  .qft 

7  9 

.13.35 

12.45 

13.65 

16.3 

15.96 

4.55  ,    8.2 
4.3    1     7  1ft 

7.35 

1 

1 

6  86 

., 1 

4.85  ' 

4.5 
5.25 

6.4 
6.6 
8.0 
7.8 
6.85 

A  A 

ft  4      1       ft  Oft 

1 

i 

7*8 

4.6    1     4.1 

6.25 

6.2         5.1     '     6.0 

6.76 

14.55 
13.56 
12.56 
11.65 
10.7 
9.8 

7.55 

7.2 

7.3 

7.8 

7.8 

7.66 

7.26 

4.8    '     4.0 

5.0 
4.75 

5.45  i    5.2    1     5.65 

1 

6.15 

5.4 

5.35 

4.9 

4.5 

A.R 

3.8 

3.65 

3.5 

3.7 

3.7 

3.9 

4.1 

5.3    1    ft  1ft  !     a  1 

! 

4.9 

A  1 

4.96 

5. 1         7  05 

I 

6.56  ■    5.65 
7.55  1    5.7 
7.0     '  IS.  7ft 

4.95 
4.7 
4.6 
.    4.8 
5.45 

6. 0    1     6. 85 

4.9    i 

4. 9    !     6. 7 

1 

4.85       A  ftft 

1            1 

9.06 
8.7 

6.15 
5  4ft 

13.8 
12.5 
12.2 
10.55 

Q  0 

4.7 
4ft 

6.7 

5.4 

6.9    :    4.95 
6.6        7.3 
6.55  ;    7.75 
6.3        6.75 
6. 0        5. 7 

6.7 

! 

9.4 
10.55 
11.0 
10.7 
10.0 
9.35 
9.0 
8.85 
9.0 

4.1    '    4.96 
4.0         4.45 
3.6     '     4.(15 

1     -.- 
5.65  1    4.2 
6.3    '    4  1 

7.3 

1 

7  A 

5.35 

5.15 

4.9 

4.8 

4.66 

4.3 

4.1 

4.1 

4  1     i     7.6 

4.7      

a.  A 

8.9    !    8.0 
3.66       7.26 
3.55      6.66 
3.4    '    6.3 
3.3    i    6.0 

4. 2    '     6. 95 

5.4        5.25  j    3.4 
6.15       5.65  1     3.3 

4. 1    ;     6  ftft 

19.45 

4.1 
4.36 
4.6 
7.45 

6.6 

5.1 

22.5 

22.46 

4.9 
5.3 
5.96 
5.7 

6.66  i    8.3 
6. 2     1     3. 2 

6.8 
6.85 

26.06 

6.7 

3.2 

3.65 

5.75 

7.5 

1  26.95 

6. 0     i     4. 55 

8.05 

-River  frozen  January  1  to  March  26. 
le  water  in  a  hole  cut  in  the  ice.    The 


During  thifl  period  gage  heights  were  read  to  the  sur- 
following  comparative  readmgs  were  taken: 


Date. 


14.. 
21.. 
28.. 
r4.. 
rii. 
rl8. 


Water    Top  of 
surface.;     ice. 


Feet. 


6.75 

5.4 

5.1 

4.36 

4.85 

4.9 


Feet. 
6.6 
6.6 
5.5 
5.2 
4.4 
4.75 
6.0 


Thick- 
ness of 
ice. 


Feet. 
(«) 
1.0 
1.16 
1.06 
1.4 
1.55 
1.66 


Date. 


Water 
surface. 


February  25 . 

March4 

March  11.... 
March  18.... 
March  25.... 
March  26.... 


Top  of 
ice. 


Fed. 
4.7 
4.75 


4.8 
4.85 
5.45 
6.5 
9.75 
14.75 


Thick- 
ness of 
ice. 


Feet. 
1.5 
1.7 


I 


e  broken  up  along  banks.  b  ice  thin  near  banks.  c  Ice  beginning  to  break  up. 

27,  river  clear  of  ice.    Highest  point  April  1  in  morning  was  27.7  feet 


j 
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STREAM   MEASUREMENTS   IN   1905,  PART   I. 


Station  rating  table  for    Ckmnecticut  River  at  Sunderlandy  Mass,,  from  April  1  to 

Ikcevilter  SI,  1904. 


Qa«e 
height. 

Discharge. 

Gage 
height. 

Feet. 

Discharge. 

1     Ga^e 
1  height. 

Discharge. 

Gage 
height. 

1 
Disch&ige. 

F^et, 

Second-feet. 

Sccond/ai. 

:     /Vcf. 

Second-feet. 

F^L 

Second-fed. 

1.70 

2.250 

3.60 

5,380 

5.30 

9,670 

:     7.10 

15,060 

1.80 

2,370 

3.60 

5,610 

5.40 

9,930 

7.20 

15,370 

1.90 

2,fi00 

3.70 

5,840 

5.50 

10,200 

7.30 

15,710 

2.00 

2,630 

3.80 

6,070 

;        5.60 

10,470 

7.40 

16,060 

2.10 

2,770 

3.90 

6,300 

5.70 

10,750 

7.60 

16.410 

2.20 

2,910 

'        4.00 

6,530 

5.80 

11,080 

7.60 

16.760 

2.30 

3,060 

4.10 

6.760 

5.90 

11,310 

7.70 

17,110 

2.40 

3,210 

4.20 

6,990 

6.00 

11,600 

7.80 

17,470 

2.60 

3,370 

4.30 

7,220 

6.10 

11,890 

7.90 

17,830 

2.60 

3,640 

4.40 

7,460 

6.20 

12,190 

8.00 

18.190 

2.70 

3,720 

4.50 

7,700 

6.30 

12,490 

8.10 

18,560 

2.80 

3,900 

4.60 

7,940 

6.40 

12,790 

8.20 

18.920 

2.90 

4,080 

4.70 

8,180 

6.50 

13.100 

8.30 

19.290 

3.00 

4,280 

4.80 

8,420 

6.60 

13,410 

8.40 

19,660 

3.10 

4,490 

4.90 

8,660 

6.70 

13,730 

8.60 

20,030 

3.20 

4,710 

5.00 

8,910 

6.80 

14,050 

3.30 

4,980 

5.10 

9,160 

6.90 

14,870 

t 

3.40 

5,150 

5.20 

9,410 

7.00 

14,700 

The  above  table  is  applicable  onlv  for  open-ohannel  conditions.  It  is  based  upon  8  discharge 
measurements  made  during  1904.  It  is  \?ell  defined  between  gage  heights  2.3  feet  and  IS  feet. 
Above  gage  height  8.5  feet  the  rating  cur\'e  is  a  tangent,  the  difference  being  380  per  tenth. 

Station  rating  table  for  ConnectictU  River  at  Sunderland,  Mass. ,  from   January  1  to 

December  SI,  1905. 


Gage 
height. 

Discharge. 
Srroutl-ftd. 

Gage 
height. 

Di.srharge. 

Gage 
height. 

Fat. 

Discharge. 
Scc^md-fed. 

Gage 
height. 

Discharge. 

Fed. 

Fert. 

Second  fed. 

Fed. 

Scamd-fai. 

2.70 

3,110    ' 

4..'S0 

fi.  670 

6.30 

11,480 

8.10 

17,280 

2.80 

3,270    i 

4.60 

6,900 

6.40 

11,780 

8.20 

17,630 

2.90 

3,430 

4.70 

7.140 

0.50 

12,080 

8.30 

17,980 

3.00 

3,600 

4.80 

7,:^80 

6.  GO 

12,380 

8.40 

1.8,330 

3.10 

3,770 

4.90 

7,630 

C.70 

12,690 

8.50 

18,680 

3.20 

3,950 

5.00 

7,880 

6.80 

13,000 

8.60 

19.030 

3.30 

4,130 

r>.  10 

8, 140 

0.  90 

13,310 

8.70 

19.390 

3.40 

4.3-JO 

5.  20 

8,  4(.X) 

7.00 

13. 620 

8.80 

19,750 

3.50 

4,.VJ0 

5.30 

8,  G«;o 

7.10 

13,940 

8.90 

■20.110 

3.1K) 

4.7A) 

5.40 

8,930 

7.20 

14.260 

9.00 

20. 470 

3.70 

4, 0-JO 

5.  -.0 

9. 200 

7.30 

14,580 

9.10 

20,830 

3.  SO 

5. 130 

5.  r>o 

9, 470 

7.40 

14.910 

9. -20 

21,190 

3.90 

0,340 

5. 70 

9, 7.50 

T.fK) 

15,240 

;         9.30 

21.550 

4.00 

-^,  .v>o 

5.W 

10,030 

7.(H.) 

15.570 

1        9.40 

21,910 

4.10 

5.  770 

5.90 

10,310 

7.70 

15, 910 

9.  .50 

22,270 

4.  'JO 

o.lHX) 

G.OO 

10,000 

7.80 

10.2.50 

9.60 

22,630 

4.30 

6. 210 

{].  10 

10. 890 

1.90 

16,590 

9.70 

•22,990 

4.  10 

»;,  440 

(•..•20 

11,180 

8.00 

10,9.30 

9.80 

23.360 

Thi*  above  table  it*  applicabli'  only  for  or>on-ohannel  conditions  It 
mea-surcmentH  made  during  1905.  It'  is  fairly  well  defined.  Above  gage 
curve  i.'5  a  tangent,  the  difference  being  370  per  tenth. 


is  l)ased  upon  8  dischar( 
height  9.8  feet  the  ratii 
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Ued  monthly  discharge  of  Connect  lent  River  at  Sunderland^  Mass.,  for  1904* 
[Drainage  area,  7,700  ftquare  milc8.] 


Month. 


Discharge  in  »eoond-fe<*t. 


Maximum. 

Minimum. 

Menu. 
38,780 

hecona-ieei 

Iier  Muare 

mile. 

Depth  in 
inches. 

69,060 

22.8S0 

5.08 

6.61 

62,210 

14,210 

31,600 

4.10 

4.73 

1H,190 

4.080 

8,102 

1.05 

1.17 

7,H20 

2,500 

4,528 

.588 

.678 

9,'2»S 

2,810 

5,124 

.666 

.767 

20,790 

3,135 

8,546 

1.11 

1.24 

26,490 

8,180 

13,400 

1.74 

2.01 

10,610 

5,725 

7,606 

.976 

1.09 

10,200 

7,700 

8,468 

1.10 

.409 

-10a 

n  River  frozen  December  11 1<>  31. 
ted  mojithly  diftcharge  of  Connecticut  River  near  Sunderland^  Mass. ^  for  1906. 
[Drainage  area.  7,700  nquare  miles.] 


Month. 


Diitcharge  in  »e<'on(l-feet. 


Mean. 

73,240 
36,640 
15,330 
8,862 
7,814 
9,397 
19,680 
7,475 
7,797 
14,960 


Run-off. 


Maximum. 

Minimum. 

86,820 

59,060 

87,920 

19,390 

21,730 

7,630 

16,080 

6.210 

21,550 

3,950 

26,140 

4.130 

40,940 

7.140 

9,610 

5,660 

15,080 

5,770 

86,310 

9,610 

Second-feet 
per  snuare 
mile.       , 


Depth  in 
inches. 


9.61 

1.77 

4.76 

5.30 

1.99 

2.29 

1.15 

1.28 

1.01 

1.16 

1.22 

1.41 

2.54 

2.83 

.971 

1.12 

1.01 

1.18 

1.94 

2.24 

CONNECTICUT  RIVER  AT  IIARTFORI>,  CONN. 

*eadiDg8  of  the  height  of  water  at  Hartford  have  Ix^en  recorded  since  Febru- 
J6,  by  Edwin  Dwight  (iraves,  chief  engineer  of  the  Connecticut  River  bridge 
way  district,  and  through  his  courtesy  have  been  furnished  to  the  United 
Hjlogical  Survey. 

heights  are  read  on  what  is  known  as  the  toll-house  gage,  the  zero  of  which 
;he  low-water  mark  of  1801. «    The  highest  water  ever  known  in  the  river 
10  inches)  was  in  May,  1854;  the  lowest  (1}  inches  below  zero)  in  1858. 
atum  was  used  in  the  various  surveys  of  the  river  below  Hartford  in  1866-67; « 
16  survey  above  Hartford  in  1871-1878,  *  and  in  the  survey  of  1897.o    It  has 

X  See  report  of  Theodore  G.  Ellis.  1867  (H.  R.  Ex.  Doc.  No.  163, 40lh  Cong.,  2d  sesa.). 
b  EngineerM  Report.  1K7H,  pp.  348-391. 
0  Engineers'  Report,  1898.  pp.  976-988. 
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again  been  used,  1902-1905,  in  a  further  survey  by  the  Secretary  of  War  to  study  the 
problem  of  river  improvements  above  Hartford. 

During  low-water  periods  the  tidal  wave  comes  up  the  river  to  Hartford.  The 
visible  effect  of  this  wave  is  dependent  on  the  height  of  the  water  and  the  direction 
and  course  of  the  wind. 

From  figures  given  in  the  Report  of  the  Chief  of  Engineers  for  1878,  pages  34^-391, 
and  from  other  data,  computations  of  the  discharge  of  Coimecticut  River  at  Hartford 
from  1871  to  1^86,-  inclusive,  were  prepared  and  published  as  per  references  below. 

Information  in  regard  to  this  station  is  contained  in  the  following  publications  of 
the  United  States  Geological  Survey  (Ann  =  Annual  Report;  WS  =  Water-Supply 
Paper): 

Description:  Ann  20,  iv,  pp  77-78;  WS  36,  p  42;  47,  p  36;  66,  p  SO;  82,  pp  4S-49;  97,  pp  84-85;  124,  PP 
121-122. 
Discharge,  monthly:  Ann  14,  ii,  pp  141-144. 
Discharge,  yearly:  Ann  20,  iv,  p  47. 
Gage  heights:  W8  36,  pp  43-44;  47,  p  86;  66,  p  81;  82,  p  49;  97,  p  86;  124,  p  122. 

Daily  gage  height^  mfeeif  of  Connecticut  River  at  Hartford^  Conn.  ^  for  1905. 


Day.  I  Jan.      Feb.  I  Mar.     Apr.  |  May.  |  June.  I  July.     Aug.     Sept.  i  Oct.      Nov.  ;  Dec 


1 4.1 

2 '  4.0 

3 4.9 

4 1  4.7 

5 4.0 

6 1  3.4 

7 5.0 

8 1  10.6 

9 11.7 

10 10.  U 

11 '  8.0 

V2. '  7.0 

13 !  7.0 

14 j  6.8 

\f^ !  5.7 

ir, 5.0 

17 1  4.8 

18 4.4 

ly I  4.6 

'20 '  4.G 

■Jl I  4.1 

iTj [  :i.y 

L»:i I  :\.H 

24 4.:{ 

2.1 !  i..\ 

2G 3.y 

27 3.4 

28 3.6 

29 1  3.3 

30 3.3 

31 3.9 


3.3 

3.2 

3.0 

3.1 

2.6 

1.8 

3.0 

3.3 

3.4 

4.1 

5.3 

5.0 

4.9 

6.2 

.*).0 

4.4 

4.1 

4.3 

5.1 

8.2 

9.6 

7.6 

7. 5 

7.4  : 

7.4  I 

10.6  j 
13.2  I 

16.7  I 

iy.5  ! 
20.  y 

22.6  I 


24.0 
24.1 
22.2 
19.6 
17.1 
15.9 
16.2 
15.8 
14.3 
12. 6 
11.7 
13.5 
14.8 
14.4 
13.1 
12.0 
11.0 
10.0 
9.1 
8.4 


8.0 

8.7 

y.i 

M.  s 


7.1 
7,2 
7.2 
7.0 
6.7 
6.5 
6.6 
6.6 
7.0 
6.5 
6.3 
6.1 
6.0 
5.8 
5.6 
.').  6 
5.6 
5.9 
6.0 
5.  8 
5.3 
4.9 
5.0 
4.8 
4.5 
4.1 


3.8 
3.4 
3.0 
2.6 
2.6 
3.0 
2.9 
3.0 
3.8 
3.9 
3.6 
3.6 
3.8 
3.4 
3.1 
3.3 
3.3 
3.1 
2.9 
3.3 
3.0 
3.  6 


.6 

3.4 

.2 

3.3 

.0 

3.4 

4.0 

4 

V 

1 

0 

3 

6 

3 

5 

4 

0 

4.2 
4.0 
3.3 
2.8 
4.6 
6.2 
6.0 
6.2 
4.0 
3.6 
3.2 
3.1 
3.0 
2.6 
2.7 
1.6 
1.7 
2.1   I 

2.3  j 
2.0  j 

2.0  I 

2.4 

2.5' 

2.3 

2.  3 

2.3 

1.4 

2.  5 

3.4 


4.6 
7.1 
6.0 
5.2 

4.8 
4.0 
3.4 
3.1 

3.0 
2.9 
2.9 
2.8 
2.6 
2.8 
3.0 
3.0 
3.2 
4.2 
4.8 
4.3 
3.7 
3.3 
3.0 
2.7 
2.9 
3.0 
2.4 
2.6 
2.7 
2.5 
2. 3 


2.5 

2.9 

4.0 

8.6 

13.7 

13.4 

11.4 

9.2 

7.6 

6.0 

5.2 

5.1 

5.5 

::7i 

5.0, 

4.1  I 

4.0 

4.5 
10.6 
10.6 

9.9 

9.2 

7.8 

6.5 

5.6 

b.O 

4.5 

4.2 

4.0 

i 


7.8  I 


3.6 
3.4 
3.4 
3.4 
3.1 
3.0 
3.0 
2.6 
3.3 
3.1 
3.3 
2.9 
3.1 
3.2 
3.1 
3.0 
2.9 
3.0 
3.1 
3.2 
3.4 
4.0 
4.0 
3.8 
3.6 
3.7 
3.1 
2.3 
2.4 
2.8 


2.9  I 
2.S 
2.6  I 
8.0  I 
2.5 

3.3  I 

8.4  I 
4.6' 
4.4, 
4.0 

3.6  ' 

I 
3.5 

3.1 

3.0  1 

3.1  ' 
3.3' 

3.2 
3.0  ! 

2.5  j 

2.8  I 


3.2 
3.2, 

2.1 


2.2  i 
2.3 
3.0  I 
3.0 


5.8 
18 

V.0 
11.1 
9.4 
7.9 
6.S 
6.0 
\6 
4.5 
4.6 
4.4 
4.1 
3.0 
3.8 
4.2 
4.4 
4.7 
4.5 
5,0 


4.5 
4.4 

i.'2 

4  4 

4.^ 
4.5 
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RIVER    (ABOVE     SOUTH     BRANCH)     NEAR    JEFFERSON     HIGH- 
LANDS,  N.   H. 

.tion  was  establislied  September  2,  1903,  by  N.  C.  Grover.  It  is  located  at 
ooden  highway  bridge  in  the  town  of  Randolpli,  al)OUt  halfway  l)etween 
ly  stations  of  Jefferson  Highlands  and  Bowman,  2J  miles  from  either  place, 
waters  of  the  river  lie  on  the  slopes  of  Moiint  Adams  and  Mount  Jefferson, 
)n«  approximating  5,000  feet.  The  length  of  the  river  from  its  source  to 
^  station  is  alx>ut  5  miles.  The  elevation  at  the  gaging  station  is  about 
All  slopes  are  8tet»p;  many  are  precipitous.  There  is  no  pondage  or  arti- 
age  of  water.  The  underlying  rock  is  granite,  exiM)sed  in  the  mountain 
e  basin  is  generally  in  heavy  virgin  forest. 

mnel  is  straight  for  100  feet  above  and  50  feet  l)elow  the  station,  and  is 
eet  wide.  The  banks  are  subje<^t  to  overflow  in  extreme  freshets.  The 
«  strong  at  high  and  medium  at  low  stages.     The  l)ed  is  gravelly  and  per- 


ge  measurements  at  high  and  ordinary  stages  are  made  from  the  bridge, 
r  measurements  are  made  by  wading  alx)ut  20  feet  above  the  bridge. 
Ard  chain  gage,  which  is  rea<l  once  each  day  by  E.  A.  Crawford,  is  attached 
jtream  truss  of  the  bridge.  The  length  of  the  chain  is  15.43  feet.  The  gage 
1  to  bench  marks  as  follows:  (1)  Marked  point  on  east  end  of  crot^s  timber 
elevation,  8.58  feet.  (2)  Top  of  Ikd wider  150  feet  east  of  bridge,  30  feet 
iver;  elevation,  12.10  feet.  Elevations  are  above  datum  of  gage, 
ition  in  regard  to  this  station  is  contained  in  the  following  Water-Supply 
the  United  States  Geological  Survey: 

)n:  97,  p86;  124,  pV£.^. 
;:  97,  p  86;  124,  p.  123. 
?,  monthly:  124,  p  126. 
rhts:  97,  p  87;  124,  p  124. 
ble:  124.  p  124. 

measurements  of  Israel  Rivtr  (above  South  Branch)  near  Jefferson  Highlands, 
X.  //.,  in  1906. 


Hydrogmper. 


T.  W.  Norcroes. 

....do 

.....do 

do 


Width. 


Fat. 
22 
23 

21.5 
21 


Areuof        Mean 


Ht»clion.     velocity,     height,      charge. 


(lage 


DiH- 


aBy  wading;  meter  on  a  ro<i. 


Sii.ML 

n. 

\>rrscc. 

Feet.        Ser.-/eet. 

35 

1.(59 

1.92              60 

29 

1.34 

l.Ti              39 

12 

.87 

1.27              10.5 

11.6 

1.09 
wading. 

1.29  j            12.7 

6  By 
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Daily  gage  height^  infeetf  of  Israel  Rit^er  {above  South  Branch)  near  Jefferson  Highland*, 

N.  H,,  for  1906. 


Day. 


May. 


1 

1.35 

2                                

1.35 

s        

1.3 

4 

2.7 

5 

1.9 

6 

1.85 

1.9 

8     

1.6 

9 

1.55 

10 

1.85 

11 

1.7 

12 

1.6 

13 

1.7 

14 : 

1.65 

16 

1.65 

16 

1.9 

17 

1.6 

18 

1.S5 

19 

l.H 

20 

1.75 

21                                  

1.7 

22 

1.75 

23 : 

1.6) 

24 

1.5 

1.5 

2(') 

1.95 

27                                

2.3 

2JS 

2.  •!.') 

•jy : 

2.05 

30 

1.8 

M 

1.(.5 

June. 

1.9 
1.85 
1.7 
1.6 
1.5 
1.6 
1.5 
1.7 
1.65 
1.55 
1.7 
1.96 
1.75 
1.65 
1.65 
1.6 
1.45 
1.45 
1.65 
1.6 
1,46 
1.4 
•1.35 
1.3 
1.3 
1.9 
1.7o 
1.65 
1.6 
1.45 


July. 


1.4 

2,26 

1.86 

1.65 

1.55 

1.6 

1.45 

1.4 

1.36 

1.8 

1.26 

1.26 

1.45 

1.4 

1.4 

1.36 

1.45 

1,4 

1.35 

1.3 

1.25 

1.2 

1.2 

1.2 

1.2 

1.35 

1.3 

1.35 

1.3 

1.3 

1.35 


Aug. 

1.4 

1.46 

3.3 

2.7 

2.4 

2.0 

1.8 

1.8 

2,3 

1.7 

1.6 

1.6 

1.7 

1.6 

1.45 

1.4 

1.4 

1.85 

1.8 

1.26 

1.25 

1.35 

1.4 

1.45 

1.4 

1.35 

1.4 

1.45 

1.4 

1.35 

1.3 


Sept. 

1.76 

1.76 

1.7 

1.6 

1.86 

1.8 

1.76 

1.75 

1.8 

1,7 

1.6 

1.56 

1.55 

1.66 

1.66 

1.6 

1.66 

2.5 

2.1 

1.95 

1.7 

1.65 

1.6 

1.65 

1.8 

1.75 

1.7 

1.6 

1.55 

1.55 


Oct. 


Nov. 


Dec. 


1.5 

1.45 

1.45 

1.^5 

1.45 

1.4 

1.4 

1.4 

1.4 

1.35 

1.35 

1.56 

1.5 

1.5 

1.4> 

1.45 

1,4 

1.4 

1,65 

1.6 

1.6 

1.4 

i.:;6 

1.35 
1.C5 
1.3 


1.2 

1.2 

1.2 

1.2 

13 

1.3 

1.3 

1.3 

1.3 

1.3 

1.35 

1.3 

1.25 

1.25 

1.26 

1.2 

1.2 

hbS 

1.6 

1.4 

1.4 

1.35 

1.35 

1.3 

1.3 

1.3 

1.25 

1.3 

1.3 

1.25 


1.25 
1.25 
1.2ri 
1.2.'» 
•J.  15 
2.1 
I.tt 
1.8 
1.75 
l.<5 
1.66 
1.6 
1.55 
l.T 
1.4 


NoTK.— KivtT  frozen  Janimrv  1  to  .Vpril  30  iiinl  December  17-31.    Gage  heights  are  somewhat  unnr 
liabh'  (»\vin(4r  to  (■an*U*».ness  <»f  gage  reader. 

Sfdtion  rathnj  t(thle  for  hrael  River  {above  South  Branch)  near  Jefferson  Highlands^  S,  //.. 
from  Sf'ptemher  ^^  190S,  to  December  SI,  1905. 


(rage 
leight. 

Dis( 

hargr. 

Gag.' 
height. 

1  Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Di.«!charge. 

Ftrt. 

Srcond-ffct. 

Fo  t. 

S<c<>nfi-f<('t: 

Ftet. 

1; 

Seroiul-ffd. 

Feet. 

Sfcond/fd. 

U..HO 

1.0 

1.30 

13 

l.K) 

46 

2.20 

93 

O.W 

1.0 

1.40 

IS 

I.IH) 

W 

2.30 

108 

1.00 

3.0 

1.50 

24 

2.00 

67     il 

2.40 

124 

1.10 

5.  3 

l.(U) 

30 

2.10 

79    II 

2.50 

140 

1.20 

S.(i 

1.70 

i        '' 

NoTK.— The  above  table  is  applicable  only  for  open-channel  conditions.  It  is  based  on  dischar:pe 
measurements  made  during  190:3-r>.  It  is  fairly  welldetined  between  gage  heights  1.04  feet  and  2.4 
feel.    Above  2.5  feel  the  curve  i.s  a  tangent,  the  difference  being  18  per  tenth. 
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J^imcUed  monthly  discharge  of  Israel  Rii^r  (above  South  Branch)  near  Jefferaon  High- 
lands, N.  H.,  for  1905. 

[Drainage  area,  8.7  Nfiimre  miles.] 


Discharge  in  second-feet. 


Run-off. 


Month. 


May 

June 

July 

August 

September 

Octol)era 

November 

December  1-16. 


Maximum. 

\  176  ' 

61  ' 
100  ' 
284  , 
140 

a4 

27 

86 


nimum. 

Mean. 

Second-feet 

per  square 

mile. 

Depth  in 
inches. 

13 

48.4 

5.56 

6.41 

13 

81.1 

3.57 

3.98 

8.6 

19.6 

2.26 

2.59 

10.5 

42.5 

4.89 

5.64 

27 

41.5 

4.77 

5.32 

8.6 

18.7 

2.15 

2.48 

8.6 

13.1 

1.51 

1.68 

10.5 

32.5 

3.74 

2.22 

oDlwrharge  interpolated  October  27-31. 


ISR.\:EL.    RIVEll    (BE1.0W 


SOUTH    BIlANCll)  NEAR  JEFFERSON  HIGH- 
LANDS, N.  H. 


This  Btation  was  establislu^l  September  2,  1903,  by  N.  C.  G rover.  It  is  located  at 
a  small  wooden  highway  bridge  a)x)ut  2  miles  frt)m  the  railway  station  at  Jefferson 
Highlands,  in  the  town  of  Jeffer>*on.  South  Branch  of  Israel  River  has  its  mouth 
above  this  station  and  below  the  station  previously  described  (p.  123).  South  Branch 
drains  an  area  of  10.5  s<iuare  miles;  its  headwaters  are  on  the  slopes  of  Mount  Jeffer- 
son and  Mount  Dartmouth,  at  elevations  of  3,000  to  5,000  feet.  The  extreme  length 
from  its  source  to  its  mouth  is  about  5  miles.  The  elevation  at  its  mouth  is  about 
1,350  feet.  As  all  the  slopes  are  steep  there  is  little  or  no  storage  of  water.  The 
underlying  rock  is  granite,  exposed  in  the  mountain  peaks.  The  basin  has  been  gen- 
erally **hard  cut,*'  as  the  luml)ermen  say,  but  has  not  been  burned. 

The  channel  is  straight  for  100  feet  above  and  below  the  station,  and  is  about  20 
feet  wide.  The  bed  is  rough  and  rocky,  but  permanent.  The  banks  are  subject  to 
overflow  in  extreme  freshets.  The  current  is  strong  at  high  and  well  sustained  at 
low  stages. 

Discharge  measurements  are  made  from  the  upstream  side  of  the  bridge.  The 
initial  point  for  soundings  is  the  right  abutment  of  the  bridge. 

A  standanl  chain  gage,  which  is  read  once  each  day  by  E.  A.  Crawford,  is  attached 
to  the  downstream  truss  of  the  bridge;  length  of  chain,  12.99  feet.  The  gage  is 
referred  to  bench  marks,  as  follows :  ( 1 )  Marked  point  on  center  cross  timl)er  of 
bridge;  elevation,  8.14  feet.  (2)  Top  of  ))owlder  50  feet  north  of  bridge,  15  feet  west 
of  highway;  elevation,  5.20  feet.     Elevations  are  above  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  following  Water-Supply 
Papers  of  the  United  States  Geological  Survey: 

Description:  97,  p  87;  124,  pp  125-126. 
Discharge:  97,  p  88;  124,  p  126. 
Discharge,  monthly:  124,  p  128. 
Gage  heights:  97,  p  88;  124,  p  127. 
Rating  table:  124,  p  127. 
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Discharge  measuremenU^  of  Israel  River  ( hehw  South  Branch)  near  Jeffermn  Highland*, 

iV.  H.y  in  1905. 


Date. 


Hydrographer. 


I  Width. 


Area  of  ;    Mean         Ga^e         Dis- 
section,   velocit}'.     height,     charp?. 


May5rt T.  W.  NoreroHH  . 

AugiiHt  8 do 

August  2;^ do 

August  21 1> do 

October  2C do 


41 

19 

15  J 
20  I 
10  i 


^1'  ffff'    f^-  P^f  **C' 


43.  y 
23.1 
15.8  , 
18.0  \ 
16.4 


3.01 

2.K1  ' 
1.30 
1.18 
l.*l 


1.94 
1.60  I 
1.20 
1,20 
1.23 


132 
21.3 


«  Measurement  made  from  downstream  side  of  bridge. 
i>  By  wading  about  40  feet  above  bridge;  meter  on  a  rod. 

Daihi  (jage  height y  in  feet,  of  Israel  River  {helow  South  Branch)  near  Jefferson  Highland*, 

X,  H.,  for  1905, 


Day. 


10. 
11. 
12. 

14. 
lo. 
l»i. 
17. 

l.H. 

19. 
20. 
21.. 


2:-;. 

21 . 
2.'). 
2«1. 


:io. 


May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1.35 

1.9 

1.4 

1.45 

1.7 

1.45  j 

1.15  1 

l.-J 

1.35 

1.8 

2. 15 

1.45 

1.7 

1.4 

1.16! 

l.J 

1.3 

1.7 

1.8 

2.9 

1.6 

1.4 

1.15 

\.l 

2.7 

1.6 

1.6 

2.7 

1.6 

1.4 

I.I5I 

1.2 

1.95 

1.5 

1.55 

2.4 

1.8 

1.4 

1.2.S 

2.0 

1.85 

1.6 

1.5 

2.4 

1.8 

1.35 

1.25 

2.1 

1.95 

1.5 

1.45 

2. 2 

1.7 

1.3.5 

1.2 

l.S 

l.rt 

1.7 

1.4 

2.0 

1.65 

1.35 

1.2 

1.7 

1.5 

1.6 

1.36 

2.5 

1.7 

1.3 

1.2 

1.0 

1.85 

1.5 

1.35 

2. 0 

1.6 

1.3 

1.2 

l..i 

1.75 

1.7 

1.3 

1.8 

l..S:5 

1.0 

1.25 

1   •> 

l.fo 

i.y 

1 .  25 

1.7 

1.5 

1.5 

1.25 

i.e 

1.7.') 

1.75 

1.5 

1.6 

1..^ 

1.4:> 

1.2 

1.'' 

1.7 

1.6.-. 

1.45 

1.6 

1.6 

1.  4.T 

1.2 

:.  I'l 

1.7 

1..V. 

1.4:1 

1..55 

1.6 

1.4 

12 

1  1 

l.".».^. 

1.45 

1.1 

l.n 

l.?> 

1.1 

1.  I-> 

i.~.i 

1.75 

1.  i:. 

1.45 

1 .  4.'S 

1.5 

i..i:. 

1.15 

1 .  .s5 

1.5 

1.4 

1.4 

2.3 

i.;i'> 

l.:i5 

l.S 

I.e. 

1.35 

1 .  ;r» 

2.  (1 

1.5.5 

l.:^5 

1.75 

1.5 

1.3 

1.3 

l.S 

1.5 

1   vi5 

1.7 

1.  15 

1.25 

1.3 

1.65 

i..'> 

1  :i.5 

1 .  75 

1 . 4.'> 

1.2."> 

i.;i.'. 

1.6 

1.4 

1.3 

l.r,:, 

1.4 

1.2 

1.45 

1   .V. 

1.3 

1.3 

1.5 

1.35 

1.2 

1.4 

l.'» 

1.3 

1.25 

1.5 

1 .  :>5 

1.2 

1 . 3. . 

1.7 

1.3 

1 .  "2.5 

1.9 

1. '.».'. 

1.  \ 

1.3 

1.7 

1.25 

1.25 

2.  2 

l.N 

1 .  :i- > 

1 .  3.'» 

1.6 

1.2 

2.  45 

l.u-> 

1 .  35 

1.4 

1..S5 

1.25 

2.0 

1.55 

1.3 

1.3.-. 

1.5 

I 

1.25 

l.S 

1.  1') 

1.3 

1.3 

1.5 

1.2 

1   7 

1.35 

l.j:> 

NnTK.— River  iro/.fii  .lainmry  1  to  April  30  and  December  17-31.    (iage  heights  are  somewhat  unre- 
liable, owing  to  carelessnes.s  of  gage  reader. 
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Station  rating tabi£  for  Israel  Rii^er  {below  South  Branch)  near  Jefferson  Highlands,  N.  H,, 
from  January  1  to  December  SI,  190,5. 


Gage 
height. 

11 
Discharge. '' 

1                ! 

Gage 
height. 

Discharge. 
Second/eet. 

Gage 
height. 

Discharge. 

Gage 
height. 

Feet 

Discharge. 

FM. 

Second-feet. 

f^L 

j     /Vrt. 

Second-feel. 

Second-feet. 

1.00 

1              10    ' 

1.50 

51 

'        2.00 

154 

2.60 

298 

1.10 

15    ' 

1.60 

66 

2.10 

182 

2.60 

327 

1.20 

21    '! 

1.70 

84 

2.20 

211 

2.70 

366 

1.30 

1               29    • 

1.80 

105 

:        2.30 

240 

2.80 

885 

1.40 

1               39 

1.90 

128 

1        2.40 

269 

2.90 

414 

NoTE.—The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  21  discharge 
measurements  made  during  lti03-1905.    It  is*  well  defined  between  gage  heights  0.9  foot  and  2.6  feet. 

Estimated  monthly  discfiarge  of  Israel  River  {below  South  Branch)  near  Jefferson  High- 
lands, X,  n,,  for  1905. 

[Drainage  area,  21.2  square  miles.] 


Discharge  in  second-feet. 


Run-off. 


Month. 


May 

June 

July 

August 

September 

Octobera 

November 

December  1-16 


Maximum. 

Minimum. 

Mean. 

Secon 

per  so 

mi 

a-feet 
uare 
e. 

356 

29 

109 

6.14 

141 

34 

69.0 

3.25 

196 

21 

43  9 

2.07 

414 

25 

102 

4.81 

240 

51 

78.0 

3.68 

68 

18 

35.3 

1.67 

34 

18 

33.7 

1.69 

182 

21 

63.2 

2.98 

inches. 

5.93 
3.63 
2.39 
6.54 
4.11 
1.92 
1.77 
1.77 


a  Discharge  interpolated  October  27-31. 
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AMMON008UC  RIVER  AT  BRETTOK  WOOI>S,  X.  H. 

This  station  wao  established  August  28,  1903,  by  N.  C.  Grover.  It  is  located  at 
the  steel  highway  bridge  near  Mount  Pleasant  House,  at  Bretton  Woods.  The  dnin- 
age  area  at  this  point  is  34  square  miles.  The  headwaters  of  the  river  come  from  the 
westerly  slopes  of  Mount  Jefferson  and  Mount  Washington  and  the  lesser  peaks  of 
the  White  Mountains  lying  to  the  south.  The  underlying  rock  is  granite,  which  is 
exposed  at  points  in  the  river  bed  and  on  the  various  mountain  summits.  The  ^lopeff 
and  valleys  are  usually  well  forested,  with  a  preponderance  of  eveig:reen  growth. 
The  area  was  cut  in  large  part  for  spruce  several  years  ago,  but  now  has  a  thick  for- 
est cover.    There  is  no  pondage  or  artificial  storage.    The  slope  of  the  river  is  steep. 

The  channel  is  straight  for  300  feet  above  and  200  feet  below  the  measoring  sectioOf 
and  is  about  35  feet  wide.  The  banks  are  high  and  not  subject  to  overflow  except 
in  extreme  freshet.  The  bed  is  somewhat  rocky,  but  permanent.  Tlie  current  it 
medium  at  ordinary  and  sluggish  at  low  stages. 

Dischaige  measurements  at  high  and  ordinary  stages  are  made  from  a  footbridge 
located  about  300  feet  downstream  from  the  highway  bridge.  Low-water  measnR- 
ments  are  made  by  wading  at  various  sections  in  the  vicinity  where  better  velodties 
are  found. 

A  standanl  chain  gage,  which  is  read  twice  each  day  by  John  Fftige,  is  attached 
to  the  floor  on  the  downstream  side  of  the  highway  bridge ;  length  of  chain,  18.86 
feet.  The  gage  is  referrcil  to  the  following  bench  marks:  (1)  Marked  point  on 
bridge  near  gage;  elevation,  17.36  feet  when  established,  but  changed  to  17.33  feet 
August  24,  1905.  (2)  Northwest  comer  of  east  abutment ;  elevation,  14.46  feet 
(3)  Top  of  bowlder  100  feet  below  bridge,  between  the  river  and  tracks  of  Boston 
and  Maine  Railroad;  elevation,  17.11  feet  when  established,  but  found  to  \)e  17.01 
feet  August  24,  1905.     Elevations  are  above  tlie  datum  of  the  gage. 

Information  in  regard  to  tliis  ntaticm  is- containe<l  in  the  following  Water-Supply 
Papers  of  the  United  States  Geological  Survey  : 

DeHcrlption  :  97,  pp  8^90:  124,  pp  129. 
DisolmnfC  :  97.  p  90;  124.  p  129. 
DiHt;harKe,  monthly  :  124.  p  131. 
GaKe  heights:  97,  p90;  124,  p  i:w. 
RHtliiK  table:  124.  p  i:U). 

Dimrhiri/r  uwui^urt'mt'ntif  nj  AmtmnioiMffir  River  at   Jiretton  Woo<ht,  JV.  //.,  in  1905. 


\h\U\ 

Hydrographer. 

T.  W.  Nr)n'ross 

•  ^[u^|>hv  ai)(l  Harrows 

Width. 
hVet. 

10 

3.S 

Area  of 
tiet'tion. 

S^t./rtt. 
157 

S3 
106 

S9 
*27.fi 

2K.5 

Mean    | 
velocity. 

Ft.jHrittr. 
3.40 

.65 
1.22 

.70  j 
1.14  : 
1.07  I 

Gage 
height. 

Dii«- 
ohanri'. 

Muv4 

F»fi. 
3.61 
1.80 
2.40 
1.93 
1.5S 
1.57 

.Iulv:> 

M 

AuRUst  1  <« 

AuffUJst  4 

August  24'' 

October  27  ♦'  . . . 

T.  W.  Norcross 

.   ...           40 

12S 

do 

.lo 

39 

30 

ft; 
ai.f. 

.lo 

24 

%).\ 

"  Met*T  in  |MMir  condition. 

/•By  wading  150  feet  above  gage,  meter  on  a  rwi. 

cFrom  upbtream  side  of  lilgnway  bricUre. 
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/  gage  height^  in  feet ^  of  Ammonoomc  River  at  Bretton  Woods,  N.  H.yfor  1906, 


y.  :  Jan.      Feb.  '  Mar.      Apr.      May.    June. :  July.     Aug.     Sept. 


J      1.5: 


3.1 


l.fi 


l.Ho 


1.5 


1.4 


2.2 

2.3 

1.6H 

1.5 

2.3 

3.4 

3.0 

2.88 

2.98 

3.58 

3.58 


2.72 ; 

2.28  ■ 

2.15   : 

2.02 

2.0 

2.92 

2.68 

2.22 

2. 12 

2.28 

2.45 

2.62 

2. 62 

2.55 

2.42 

2.28 

2. 12  , 

2.0 

1.8H  , 

1.58 

2.6 

2.9 

2.42 

2.2    I 

2.28  j 

2.45  ! 

2.55 

2.68  : 

2. 65 

2.8 


1.92 
1.85 
2.28 

2.02  ; 
1.95 
2.65 
2.2 
2.0 
1.98 
1.H5' 
1.98  I 
2.35 
2.6 

2. 75 

2. '25 

2.0o 

1.98 

2.0     , 

1.98  I 

1.88  ! 

1.8M 

1.9 

1.82 

1.7 

l.f?2 

2.12- 

2.3  , 
2.0  i 
1.85  j 
1.75 


1.75 

2.18 

2.2 

1.88 

1.75 

1.68 

1.62 

1.6 

1.6 

1.55 

1.55 

1.52 

1.6 

1.5 

1.5 

1.5 

1.7H 

1. 7 

1.65 

1.88 

1.65 

1.52 

1.48 

1.45 

1.5 

1.6 

1.48 

1.42 

1.4 

1.65 

3.05 


2.48 

2.0 

2.1 

1.98 

1.9 

1.88 

1.82 

1.85 

2.02 

1.85 

1.72 

l.ew 

1.7 

1.68 

1.75 

2.75 

2. 15 

1.8 

l.»« 

1.65 

1.66 

1.66 

1.65 

1.65 

1.6 

1.6 

2. 55 

2.a5 

1.75 

1.98 

2. 15 


2.1 

2.0 

2.5 

2.7 

2.65 

2.6 

2.25 

2.12 

1.98 

1.88 

1.85 

2.12 

1.98 

1.92 

1.82 

1.8 

1.8 

2.4 

2.3 

2.08 

2.02 

1.9 

1.85 

1.8 

1.88 

1.9 

1.82 

1.82 

1.8 

1.75 


Oct.      Nov.     Dec. 


l.?2 

1.7 

1.68 

1.65 

1.66 

1.62 

1.6 

1.6 

1.58 

1.55 

1.55 

2.25 

1.98 

1.92 

1.78 

1.72 

1.7 

1.7 

1.8 

1.72 

1.7 

1.68 

1.62 

1.6 

1.68 

1.65 

1.56 

1.55 

1.65 

1.66 

1.55 


1.62 

1.6 

1.6 

1.62 

1.68 

1.6 

1.62 

1.56 

1.55 

1.62 

1.5 

1.5 

1.5 

1.4 

1.42 

1.48 

1.5 

1.42 

1.4 

1.36 

1.35 

1.35 

1.4 

1.6 

1.66 

1.65 

1.6 

1.6 

1.7 

2.1 


1.96 

1.9 

2.4 

2.66 

2.16 

1.76 

1.58 

1.66 

1.56 

1.56 

1.56 

1.56 

1.55 

1.5 

1.6 


1.6 

1.6 

1.6 

1.48 

1.46 

1.46 

1.45 

1.45 

1.45 

1.46 

1.62 

2.0 

1.7 


—River  frozen  January  1  to  March  20  and  December  16-18. 

he  Mirface  of  the  waier  In  a  hole  cut  in  the  ice.    The  following  comparative  rei 


During  frozen  season  gage  heights 
eaoings  were 


Date. 


Wjiter    Top  of    ™^;*|f 
surface.      ice.      "^,^^"^ 


Dat«'. 


I 


FeH.       Feel.    I    Feet.    , 

'7a I  February  18  . 

14 1.8  February25. 

21 1.9  .March4 

28 •..         1.4        2.1  1.9  March  11.... 

y4,ll 1.9  Marchl8.... 


'« Water  flowing  over  the  ice. 


IRR  165— ()♦)- 


Water    Topof|™«J; 
surface.     Ice.      "^°^ 


Feet. 


't. 

Feet. 

Feet. 

.9 

1.6 

.8 

1.4 

.7 

1.2 

.5 

1.15 

.6 

1.6 

i 
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ZEALAND  RIVER  NEAR  TWIN  MOTTNTAIN,  N.  H. 

This  station  was  established  August  29, 1903,  by  N.  C.  Grover.  It  is  located  about 
800  feet  above  the  mouth  of  the  river,  which  empties  into  the  Ammonoosuc  at  a  point 
midway  between  Fabyans  and  Twin  Mountain,  about  2 J  miles  from  either  place. 
The  headwaters  lie  on  the  slopes  of  a  spur  of  the  White  Mountains,  at  elevations  of 
2,500  to  3,000  feet.  The  length  of  the  river  from  its  headwaters  to  its  mouth  is  about 
7  miles.  The  elevation  at  the  mouth  is  approximately  1,500  feet.  All  slopes  within 
the  basin  are  steep.  There  is  no  pondage  or  artificial  storage  of  water.  The  under- 
lying rock  is  granite,  which  is  exposed  in  the  mountain  peaks.  About  ten  or  twelve 
years  ago  this  basin  was  entirely  deforested  and  burned  over.  At  the  present  time 
there  is  a  thick  stand  of  deciduous  growth,  consisting  of  poplar  and  bird  cherry, 
averaging  12  to  16  feet  in  height,  which  affords  a  thick  covering  during  the  summer 
months,  but  practically  no  cover  during  the  winter  and  spring.  Within  the  baan 
we  find  the  usual  conditions  of  this  stage  of  reforestation  after  a  thorough  burning. 

The  bed  is  rough  and  rocky,  but  permanent.  The  current  is  swift  at  high  and 
medium  at  low  stages.  The  banks  are  high  and  subject  to  overflow  only  in  extreme 
freshets. 

Discharge  measurements  at  high  stages  are  made  from  a  highway  bridge  near  the 
gage.     At  medium  and  low  water  measurements  are  made  by  wading  close  by. 

A  standard  chain  gage,  which  is  read  once  each  day  by  Charles  Cote,  is  attached 
to  trees  on  the  bank  just  above  the  highway  bridge;  length  of  chain  13.40  feet  when 
established,  but  changed  to  13.24  feet  May  3, 1905,  and  to  13.12  feet  August  25, 1905, 
on  account  of  settling  of  one  of  the  trees  to  which  the  gage  is  fastened.  The  gage  is 
referred  to  bench  marks  as  follows:  (1)  Top  of  large  bowlder  under  the  gage;  eleva- 
tion, 3.56  feet.  (2)  Drift  bolt  driven  into  the  maple  tree  to  which  the  gage  is 
attached;  elevation,  11.32  feet  when  established,  but  found  to  be  11.30  feet  August 
25,  1905.     Ele\'ations  are  above  datum  of  gage. 

Information  in  regard  to  this  station  is  contamed  in  the  following  Water-Supply 
Papers  of  the  United  States  Geological  Survey  reports  as  follows: 

Description:  97,  pp  90-91;  124,  pp  131-132. 
Discharge:  97,  p  91;  124,  p  182. 
Discharge,  monthly:  124,  p  134. 
Gage  heights:  97,  p  91;  124,  p  133. 
RiUing  table:  124.  p  133. 


Dixclainje  inca.mrements  of  Zealand  River 

near  T 

win  Moxi'i 

rUainy  N.  H,y  in  1905. 

Dale.                             Hydrographer. 

Width. 

Area  of 
section. 

Mean     1     Gage           DLv 
vclocity.     height,      charge. 

! 

Mav  3  " 1  T.  W.  Norcros}< 

Fid. 
44 

Sq.feei. 

1 
Ft. per  St  c.       Feet.         Sec.-fttt. 
1.99            2.67  1           70 

Aiigu.st  4  " : do 

August  2.')'' <!«)....         .           

17            13 
13  j           9.8 

1.13            2.08              14.7 
.96             1  99  j             IS 

a  By  wading. 

&By  wading;  mc 

ter  on  a  rod. 
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Daily  gage  height j  infeetf  of  Zealand  River  near  Twin  Mountain,  N.  H.,  for  1906. 


Day. 


Apr. 


May.     June.  '  July. 

I  i 


4 

1               1 

5., ' 

6 1 ' 

7                     \ 

8        1 : 

9 

0 

1 ' 

2                     

3  •                 

4  ' 

5 

6 1 

7                     1 1 

8               1 

9      

0 

1 

2 

3 

4                   1 

5  

6     

7 ,. 

3. 15 

8 

S.ft*) 

9 

2.95 

0   • 

1 
2.85 

1  

1 

2.85 

2.85 

3.25 

2.4 

3.1 

2.7 

3.0 

2.5 

3.2 

2.4 

3.4 

3.0 

3.4 

2.7 

3.3 

2.6 

3.3 

•2.5 

3.1 

2.45 

3.0 

2.3 

3.0 

2.7 

2.9 

2.8 

2.9 

2.7 

2.7 

2.5 

2.7 

2.4 

2.6 

2.4 

2.75 

2.3 

2.7 

2.3 

2.65 

2.3 

2.7 

2.4 

2.5 

2.56 

2.5 

2.3 

2.45 

2.3 

2.4 

2.2 

2.4 

2.5 

2.6 

2.6 

2.5 

2.4 

2.45 

J.a'i 

2.4 

2.8 

2.35 

uly. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

2.3 

2.6 

2.9 

2.3 

3.0* 

2.6 

2.9 

2.35 

2.7 

2.8 

3.6 

2.5 

2.6 

2.3 

8.0 

2.3 

2.3 

8.0 

2.4 

2.2 

8.2 

2.3 

2.5 

3.2 

2.3 

2.2 

2.85 

2.8 

2.35 

8.0 

2.3 

2.2 

3.0 

2.3 

2.8 

2.3 

2.2 

2.65 

2.3 

.2.86 

2.2 

2.3 

2.6 

2.25 

2.35 

2.2 

2.3 

2.4 

2.25 

2.3 

2.2 

2.25 

2.35 

2.25 

2.3 

2.2 

2,2 

2.3 

2.2 

2.3 

2.2 

2.2 

2.3 

2.7 

2.2 

2.2 

2.4 

2.6 

2.8 

2.2 

2.2 

2.25 

2.46 

2.7 

2.2 

2.3 

2.3 

2.35 

2.46 

2.2 

2.0 

2.6 

2.3 

2.4 

2.2 

2.3 

2.65 

2.3 

2.4 

2.16 

2.3 

2.35 

3.2 

2.4 

2.15 

2.4 

2.2 

2.65 

2.7 

2.1 

2.3 

2.2 

2.5 

2.6 

2.1 

2.2 

2.2 

2.5 

2.6 

2.1 

2.1 

2.2 

2.5 

4.6 

2.2 

2.1 

2.15 

2. 45 

4.5 

2.2 

2.15 

2.15 

2.35 

4.0 

2.3 

2.2 

2.0 

2.45 

4.0 

2.4 

2.2 

2.0 
2.75 

2.4 
2.4 

4.0 
8.5 

"2.4 
2.4 

2.2 

2. 15 

2.4 

2.a5 

2.5 

2.4 

2.1 

2.4 

2.3 

2.5 

2.4 

2.1 

2.9 

2.3 

2.5 

2.6 

2.9 

3.2 

2.5 

Note.— River  frozen  January  1  to  April  26  and  Decemt)er  6-31. 

Nation  raling  table  for  Zealand  River ^  rwar  Ttrin  Mounta'iny  N.  II. j  from  January  1  to 

December  Sly  VjOo. 


Gage 
height. 


2,00 
2.10 
2.20 
2.80 
2.40 
2.60 
2.60 


Discharge. 

Gage 
height. 

Discharge. 

height. 

DiHcharge. 

Gage 
height. 

Discharge. 

S^cond-ftrt. 

Ftd. 

Srrond/eet. 

Feet. 

Sicond/fti. 

Feet. 

Sfcond'fcet. 

10    , 

2.70 

78 

3.40 

293 

4.10 

667 

14 

2.80 

100 

3.50 

330 

4.20 

609 

20 

2.90 

127 

3.60 

368 

4.30 

662 

27 

3.00 

156* 

8.70 

406 

4.40 

696 

35 

3.10 

188    i 

3.80 

445 

4.60 

740 

46 

3.20 

222    , 

8.90 

485 

60 

3.30 

267    i 

4.00 

526 

1 

Note. — The  above  table  in  applicable  onlv  for  open-cliannel  condition.s.    It  in  based  on  18  discharge 
neasurements  made  during  1903-1905.    It  U  well  defined  between  gage  heights  1.9  feet  and  2.6  feet. 
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STEEAll   MEA8UEEMENT8   IN   1905,  PART    I. 


Entimated  monthly  discharge  of  Zealand  River  near  Turin  Mountain  y  N,  H.^  for  1906. 
[Drainage  area,  14  square  miles.] 


Month. 


May 

June 

July 

August 

September 

October 

November 

December  1-6. 


Discharge  in  seoond-feet. 


Run-off. 


Maximum, 


166 
127 
222 
222 
740 
830 
222 


Minimum. 

Mean. 

31 

120 

20 

48.2 

10 

29.7 

10 

38.3 

27 

65.1 

20 

143 

14 

41.3 

46 

128 

Second-feet  I 

per  square 

mile. 


8.57 
8.44 
2.12 
2.74 
4.65 
10.21 
2.95 
9.14 


Depth  in 
inches. 


9.88 

2.44 
3.16 
5.W 

11.  rr 

1.70 


LIITLE  UrVTSR  NEAR  TTVIN  M OtTXTAIN,  N.  H. 

This  station  waa  established  January  21,  1904,  by  F.  E.  Pressey,  and  discontinued 
September  15, 1905.  It  is  locate*!  at  the  rough  wooden  highway  bridge  about  2  luilee 
southwest  of  Twin  Mountain,  and  al)out  2  miles  above  the  entrance  of  Little  River  into 
the  Ammonoosuc.  The  area  of  the  drainage  basin  at  this  point  is  about  1 1  stiuare  miles. 
This  drainage  basin  is  adjacent  to  that  of  Zealand  River,  previously  described,  and 
practically  all  forest  cover  has  been  removed  from  it.  The  slopes  are  steep,  and  there 
is  no  pondage  or  artificial  storage.  This  station  was  established  in  order  to  obtain 
comparative  data  as  to  the  time  and  duration  of  freshets.  A  few  dischai^  measure- 
ments have  l)een  made  during  1904  and  1905,  but  it  is  not  intended  to  make  any 
estimates  of  discharge  for  this  point. 

The  channel  is  straight  for  alx)ut  50  feet  alx)ve  and  800  feet  below  the  station.  The 
banks  are  rocky,  low,  and  clean,  and  lia])le  to  overflow.  The  Ix^d  of  the  stream  i.'^of 
large  bowlders  and  extremely  rough.     The  current  iw  swift  at  all  stages. 

A  {Standard  chain  gage,  which  is  read  twice  each  day  by  Edward  Lynch,  is  attachetl 
to  the  floor  on  the  downstream  side  of  the  bridge;  length  of  chain,  12.92  teet  when 
established,  but  changed  U:>  12.82  feet  August  25,  1905,  owing  to  settling  of  the  gage. 
The  gage  is  referral  to  Ixinch  marks  as  follows:  (1)  A  marked  point  on  the  floor  of 
the  l)ridge  near  the  zero  of  the  ga^e  scale;  elevation,  11.42  feet  when  establishe<l, 
but  found  to  Ik^  10.73  feet  August  25,  1905.  (2)  A  cross  on  a  bowlder  on  right  bank, 
about  32  feot  from  end  of  ga^e  box;  elevation,  9.05  feet.  Elevations  refer  to  gape 
datum. 

A  deycrij)tion  of  this  station  and  gage-lieight  and  dis<!harge  data  are  coutaini^i  in 
Water-Supply  Paper  of  the  lTnite<l  States  (Geological  Survey  No.  124,  pp.  134-i;>5. 

I)lsr/i(injt'  int'niinrfiintits  <>/  JJlllf  Rlrrr  nf(ir  Tniti  Motnitain,  X.  If.,  In  Wfio. 


Hydro^'rapluT. 


May  3  " T.  W.  N(^^c^o^v•s . 

August  2o^ do 


■| 


Width. 


Fed. 

2.S 
24 


Afra  of  ,     Mean 
section,  i  velocity. 


3-2. 7 
IH.  3 


Ft.jKrucc 

2.20 

.72 


(Jage     j      Pis- 
height.  I  charco. 


Feet.      !  St-c.-fcft. 
5.  SO  72 

4.86  I  13. -2 


a  From  bridge. 


b  By  wading;  meter  fastened  to  a  rcxl. 


CONNECTICUT   RIVKR   DRAINAGE   BASIN. 
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Daily  gage.  JieighU  in  feet,  of  Little  Rivtr  near  Ttrin  Mountain,  N.  H. ,  for  1905. 


■ 

Day.          Apr. 

May. 

.Tune. 

July. 

Aug. 

S*M.i- 

1 ' 

5.75 

5.25 

5.0 

6.0 

x55 

2 

5.r^ 

5.2 

6.45 

4.8 

5.  5 

3 

5.75 

5.46 

5.6 

4.8 

6.1 

4 

6.35 

5.4 

6.3.> 

4.75 

5.H 

5 

6.3 

5.25 

5.16 

1.7 

5.S 

6 

6.6 

5.86 

6.05 

4.7 

5.4 

7 

6.85 

6.45 

5.0 

4.7 

5,4 

8 

6.45 

5.4.'ir 

5.0 

4.95 

.  .>«*< 

9 

ii.  5 

5.3 

4.9 

1.  ^5 

10 

6. 3 

5.25 

4.9 

4.75 

11 

6.3 

5.2 

4.9 

4  7 

12 

r.  25 

5.6 
5.55 

4.9 
4.9 

4.7 
4.75 

13 

6.1 

14 

6  05 

5.(V5 
6.4 

5.0 
4.96 

4.7 
4. 75 

15 

6.1 

16 

6.15 

5.3 

4.9 

5.5 

'      r... 

Apr.   May. 

1 

Juue.Juiy- 

Aug. 

8*pt, 

17  -*,.*,»,.  ■ 

,,.»*     6»25 

5.S       6.1 

5.3  5.n 

5.4  '  4.B5 

4.9 

iH*5 

IH  ..,.-   ..,. 

,,,...    G.45 

IS 

,.,,..    6,55 

*.a^ 

,i.a   '  4fi 

4.8 

M 

HO 

4.7 

ffi,.. „ 

......   h.fiS 

■^i 

5.6 

6,0fi     4.8 
5.0       J,» 

4.S 

n 

'l>.5ft 

4.7     

iTi. 

fi,W     A.  5 

&.0       4,S 

4.55  /.... 

'\^ 

cm    6,fi 

6.3       4.8 

4.4      

Iz7 

s.  0     e.  if> 

6.M     4.8 

5.4 

..,-._, 

!*:<.„:..„.. 

fi.O       5.9 

i.4 

4.7 

1.95 

2», ,.,,,,,„ 

6. 15     e.  75 

^25 

4.7 

4.9 

30 

6.25     6,75 
., fi.Sfi 

*.16 

4.9 

5.35 

5.7 
5.85 

1  31 

Note.— River  frozen  January  1  to  April  24. 

WIIITK  RIVER  AT  SHARON,  V^, 

This  station  was  established  July  30,  1903,  by  H.  K.  Barrows.  It  was  discontinued 
April  7,  1905,  and  no  data  are  available  after  the  year  1904. 

Infonnation  in  regard  to  this  station  is  contained  in  the  following  Water-Supply 
Papers  of  the  ITnite<l  States  Geological  Survey: 

Description:  97,  p  92:  124,  p  136. 
Dtecharife:  97,  p  92:  121.  p  136. 
Discharge,  monthly:  124,  p  138. 
Gage  heights:  97,  p  92;  124,  p  137. 
Rating  table:  124,  p  137. 


ASITUEIXXr  RIVER  AT  WINCITESTER,  N.  H. 

This  station  was  establishes!  July  10,  1903,  by  H.  K.  Barrows.  Owing  to  probable 
backwater  effect  from  the  dam  at  Ashuelot,  about  2J  miles  below,  and  unsatisfactory 
results,  it  was  discontinued  April  7,  1905. 

Information  in  regan.1  to  this  station  is  contained  in  the  following- Water-Supply 
Papers  of  the  Uniteii  States  Geological  Survey: 

Description:  97.  p  93;  124.  p  13S. 
DLscharge:  97.  p  93;  124,  p  139. 
Gage  heights:  97,  p  98;  124,  p  139. 
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8TBBA1C  MEABUBEMEirrS  IK   1906,  PABT  I. 


BJBKKHJBLP  HIVIER  AT  BBSKVXBIiD,  MA8B. 

Deeifleld  Biver  is  one  of  the  laifioBt  tributariee  of  Gonnecticat  Biver,  havini 
drainage  area  of  667  equare  mileB.    It  rises  in  southern  Vermont  and  joi 
necticat  River  about  1  mile  southeast  of  Greenfield.    It  is  important  as 
power  stream,  but  is  not  well  supplied  with  storage  reeervoirs  and  is  conac 
subject  to  considerable  fluctuations  of  flow. 

A  gaging  station  was  established  March  29,  1904,  by  N.  C.  G  rover,  at  the 
sion  highway  bridge,  about  one-fourth  mile  from  the  West  Deerfield  railwa; 
and  about  6  or  7  miles  above  tlie  mouth  of  the  river.    The  drainage  arec 
point  is  560  square  miles.    About  2  miles  below  the  station  is  an  old  dam, 
destroyed,  which  is  reached  by  back  water  from  Connecticut  River. 

The  channel  is  straight  for  about  600  feet  above  and  1,000  feet  below  the 
The  banks  are  high,  rocky,  and  clean,  and  not  liable  to  overflow.    The  bed 
and  permanent,  the  left  half  being  of  gravel  and  the  right  half  of  sand, 
but  one  channel  at  all  stages.    The  current  is  medium,  becoming  sluggisl 
water. 

Discharge  measurements  are  made  from  the  downstream  side  of  the  Ih* 
initial  point  for  soundings  being  the  left  end  of  the  top  chord  of  the  stiffen 
at  the  downstream  side.  Low-water  measurements  are  made  by  wading  a 
about  one-half  mile  downstream. 

A  standard  chain  gage,  which  is  read  twice  each  day  by  Mrs.  Carrie  I.  T 
is  attached  to  the  downstream  side  of  the  bridge;  lengtli  of  chain,  32.21  fe 
gage  is  referred  to  bench  marks  as  follows:  (1)  Point  on  bottom  chord  ol 
near  the  xero  of  gage  scale;  elevation,  31.35  feet.  (2)  On  top  of  downstream 
tion  of  bridge  pier  on  the  right  bank;  elevation,  28.92  feet  (3)  Copper  b 
ledge  on  left  bank,  20  feet  upstream  from  abutment;  elevation,  21.04  fi 
elevations  refer  to  the  datum  of  the  gage. 

A  description  of  this  station  and  gage  height  and  discharge  data  are  coni 
Water-Supply  Paper  of  the  Unite<l  States  Geological  Survey  No.  124,  pp.  1* 

Discharge  tnecufurernerits  of  Deerfield  River  at  Deerfield,  Mass. ,  /?*  19f)o. 


Date. 

Hydrographer. 

April  4 

T.  W.  NorcroBs 

do 

August  16 

August  16 do.. 

AugUHtlC ' do. 

Augu8t  17 do. 

AugU8tl7 do. 

August  17 ! do. 

August  81 do. 


'Width. 

I  Ftr(. 
319 
315 
318 
31S 
318 
318 
318 
SH 


AroH  of  I    Mean    {     Giige 
.section,    velocity,     height. 


2,270 
2,040 
2,120 
2,140 
2.130 
2, 110 
2.100 
2,020 


Ft.persec. 
1.63 
.82 
1.08 
1.18 
1.11 


.65 


Fett. 
3.97 
8.29 
3.66 
3  69 
3.68 
3.51 
3.42 
3.12 


CONNECTICUT   BIVEB   DRAINAGE   BASIN. 
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I>fit%  gage  heigkty  infeet,  of  Deerfidd  River  at  Deerfield^  Maes,,  for  1906. 


nv. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

8.05 

2.75 

2.66 

2,6 

2.4 

•2.35 

2.5 

2.4 

2.4 

2.4 

2.4 

3.06 

•2.9 

'1. 75 

Sept 

2.95 

2.8 

5.6 

5.06 

4.6 

8.65 

3.86 

3.2 

8.1 

3.0 

2.7 

4.1 

3.6 

3.2 

3.0 

2.9 

3.0 

3.9 

4.75 

3.9 

3.7 

3.4 

3.15 

•2.95 

'2.8 

•2.8 

•2.75 

2,7 

•2.6 

Oct. 

2.5 

2.6 

2.6 

2.55 

2.6 

2.5 

2.5 

2.55 

2.55 

•2.5 

•2.5 

3. '25 

3.05 

2.9 

•2.85 

•2.»V» 

•2.5  . 

•2.55 

•2.6r. 

3.05 

3.4 

•2.9 

2.Hr) 

2.8 

2.76 

2.« 
2. 55 
2.5 
2.  15 
2.  15 

Nov. 

2.45 

2.6 

2.6 

2.6 

2.6 

2.86 

3.15 

3.0 

2.9 

2.7 

2.6 

2.55 

2.  M 

2.5 

•2.5 

2. 65 

2.  (y> 

•2.5 

2. 45 

2. 6 

2.5 

•2.6 

2.4 

2.45 

•2.5 

2. 45 

2.4 

3.05 

4.7 

Deo. 

, ..... 

6.66 

4.86 

4.05 

8.96 

4.2 

6.4 

4.4 

8.8 

8.56 

8.8 

6.3 

5.8 

4.5 

4.15 

8.1 
8.0 
2,8 
2.8 
2.96 

2.9 

2.86 

2.8 

2.75 

2.75 

2.5 

•2.7 

2.7 

2.7 

3.05 

3.2 

3.1 

8.0 

2.65 

2.7 

2.7 

2.6 

•2.6 

2.5 

2.5 

2.45 

2.6 

2.5 

2.5 

2.6 

2.46 

2.5 

2.4 

2,6 

2.5 

2.6 

2.6 

2.7 

2.6 

2.6 

2.65 

2.5 

2.6 

2.5 

2.46 

2.4 

•2.4 

•2.4 

2.3 

•2.55 

2.9 

4.3 

3.5 

3.0 

2.8 

2.75 

3.1 

2.85 

2.7 

2.7 

2.6 

2.56 

2.6 

2.5 

2.6 

2.65 

2.a5 

2.5 

2.45 

2.4 

•2.45 

2.46 

•2.45 

2.4 

3.45 

J 



3.26 

1. 

6.2 

4 





4.6 

5.... 

1 

8.66 

% 

1 

8.2 

7 

7.2 

4.6 

8.75 

8.85 

886 

1 

3.1 

9 *.. 

3.0 

9 

•2.9 

10 

3.0 

U 

3.06 

12..... 

4.05 
8.96 

3  0 

IS 

2.9 

14 

2.H5 

15 



8.96 

3.65 

3.4 

8.3 

8.15 

8.1 

3.5 

4.2 

8.95 

3.36 

3.2 

8.26 

3.4 

8.8 

8.8 

8.2 

2.35       '2.5 
•2.3    1    3.5 

2.3  3.6 
2.2    j    '2.9 

2.4  1    2.65 
•2.4         ^2.3 
2.4         2.2 
'2.35       2.45 
■2.3         '2.5 

2.2  1    2.4 

2.3  2.4 
2  35  '    •>  ^'» 

•2.8 

M: 1 

17 ' : 

18 ' 

i> :;  J 

» 1  ... 

& • 

n, 

a....           ' 

% ! 

a.... r 

a 1 

27.... 

6.6 

6.46 

5.6 

6.9 

6.86 

2.35 
•2.35 
2.4 
3.4 
3  5 

2.45 
•2.4 
2.35 
•2.5 
3  15 

a.... 

a ! 

» 

«i.... 

^QTi.^IUyer  dear  of  Ice  January  7-18,  frozen  January  1-6  and  January  14  to  March  •26.    Ice  went 
<wt  of  river  oa  ulgnt  of  Maidi  26.    River  frozen  December  16-31. 


186  STREAM   MEASUREMENTS   IN    1905,  PART   I. 

AVARE  RIVER  NEAR  WARE,  MASS. 

Ware  River  is  formed  in  the  town  of  Banre  by  the  junction  of  several  small  streams. 
The  surrounding  country  is  hilly  and  largely  cleared.  The  total  drainage  awa  is 
about  162  square  miles  and  is  tributary  to  Chicopee  River,  which  drains  a  large  8e^ 
tion  of  central  Massachusetts  and  is  the  largest  tributary  of  the  Connecticut  in 
respect  of  drainage  area,  its  basin  containing  730  square  miles.  Chicopee  River  is 
formed  at  Three  Rivers  by  the  union  in  that  vicinity  of  Ware,  Swift,  and  Qoaboig 
rivers;  thence  runs  westward  about  15  miles,  joining  the  Connecticut  at  Chicopee. 
Chicopee  River  and  its  tributaries  are  quite  important  water-power  streams,  and 
expensive  developments  have  been  made  on  them. 

A  gaging  station  was  established  September  15,  1904,  by  H.  K.  Barrows,  at  the 
steel  highway  bridge  about  2  miles  above  the  village  of  Ware,  Mass.  The  bridge  has 
a  span  of  about  85  feet 

The  channel  is  curved  for  some  distance  above  and  straight  below  the  bridge. 
The  bed  of  the  stream  is  rocky,  with  some  gravel.  The  banks  aro  medium  in  height 
and  overflow  at  very  high  water,  when  there  will  be  two  or  more  channels.  The 
current  is  swift  at  high  stages  and  well  sustained  at  low  stages. 

Discharge  measurements  are  made  from  the  upstream  side  of  the  bridge.  The 
initial  point  for  soundings  is  the  left  abutment  at  the  top. 

A  standard  chain  gage  is  fastened  to  the  floor  timbers  of  the  bridge  on  the 
upstream  side,  toward  the  right  bank;  length  of  chain,  14.10  feet  The  gage  is  read 
wice  each  day  by  M.  N.  Richards,  the  expense  of  such  readings  being  borne  equally 
by  the  Otis  Company  and  the  George  H.  Gilbert  Manufacturing  Company,  both  of 
Ware.  The  gage  is  referred  to  bench  marks  as  follows:  (1)  On  poet  of  bridge  rail- 
ing at  east  end  of  gage;  elevation,  17.01  feet  (2)  On  west  abutment  on  downstream 
side  about  18  inches  from  the  comer  near  the  truss;  elevation,  11.48  feet.  (3) 
Southeaet  corner  of  abutment  of  railroad  culvert,  about  250  feet  north  of  the  Boston 
and  Maine  Railroad  crossinjr,  west  of  gage;  elevation,  18.63  feet.  All  elevations 
refer  to  the  datum  of  the  gage. 

A  description  of  this  station  and  j2:age-hei<jlit  and  discharge  data  are  containe<i  in 
Water-Supply  Paper  of  the  United  States  Get)logioal  Survey  No.  124,  pp.  142-143. 

Dist'harge  medsurements  of  Ware  Rivtr  near  Tiarf,  Afass.,  in  1905. 


Date.  '  Hydrographer. 


March  28 T.  W.  Xoror 

March  2M do 

April  1 do 

April  7 do 

Ai)rill3 do 

April  29 do 

May  17 do 

July  29 do 

Anpist  11 do 

August  11 do 

September  7 do 

September  26 do 


idth. 

Area  of 
section. 

Mean 
velocity. 

hei^*^t. 

chant* 

Feet. 

S^j.  Ml. 

/-Y.  jX-ffifT. 

Ffft. 

Ser.feft 

S3 

4:)9 

5.5l> 

6.92 

•2,  :vi) 

83 

4r.5 

5.  .S9 

6.96 

'1.AV 

83 

370 

4.W 

5.  75 

1,6* 

83 

303 

4.09 

5.06 

1.240 

83 

•212 

S-.-iS 

4.00 

75S 

79 

108 

1.98 

2.74 

•JH 

80 

120 

2.27 

2.89 

272 

68 

87 

1.56 

2.46 

1% 

66 

78 

1.56 

2.37 

vii 

58 

52 

.83 

1.94 

43 

83 

315 

3.48 

5.20 

1.100 

80 

108 

2.08 

2.77 

225 
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Day. 


».. 
0.. 
.1.. 
2.. 
3.. 
4.. 
5.. 
6.. 
7.. 
8.. 
9.. 
0... 
1... 
2... 
8... 
I... 
>... 
5... 


Jan.      Feb.  i  Mar. 


Apr.     May. 


G.3 


4.3 


5.4 


4.85 


4.4 


3.8 


4.1 

8.55 

3.35 

3.0 

3.05 

6.25 

5.35 

4.5 

3.95 

3.8 

3.76 

5.65 

7.1 

7.3 

7.06 

6.6 

6.4 

6.1 


5.9 

5.1 

4.7 

4.3 

4.0 

4.8 

5.0 

4.6 

4.0 

4.0 

4.05 

4.45 

4.15 

3.9 

3.8 

3.65 

3.4 

3.a'> 

3.25 

3.45 

3.35 

3.35 

3.1 

3.6 

3,3 

3.3 

3.1 

3.  a*) 

3.0 

2.8 


2.9 

2.8 

2.85 

2.9 

2.8 

2.4 

2.25 

2.6 

2.45 

2.6 

2.4 

2.6 

2.3 

2.3 

2.6 

2.95 

2,7 

3.0 

2.7 

2.6 

2.3 

2. 45 

2.6 

2.6 

2.8 


June,  j  July.     Aug. 


2.4 

2.4 

2.0 

1.65 

2.1 

2.55 

8.15 

2.5 

2. 75 

2.5 

2.1 

2.6 

2.9 

2.5 

2.7 

2.6 

2.2 

2.2 

2.15 

2.5 

2.8 

8.2 

3.45 

3.1 

3.0 


2.7 

2.7 

2.6 

2.6 

2.4 

2.6 

2.36 

2.5 

2.26 

2.5 

2.S 



2.3 

2.7 

1.95 

2.1 

2.0 

2.4 

1.7 

1.75 

2.25 

2.4 

2.6 

2.3 

2.  a*) 

2.55 

2.5 

2.7 

2.2 

2.5 

2.4 

2.0 

2,65 

19 

2.3 

2.4 

2,5 

2,5 

2,5 

2,6 

1,7 

2.3 

2.  '•■ 


2.5 

2.75 

2.65 

2.8 

2.7 

2.65 

2.45 

1L6 

2.75 

2.5 

2.2 

2.5 

2.8 

2.7 

2. 65 

3.3 

3.5 

3.4 

3.15 

2.4 

2.5 

2.6 

2.7 

2.6 

2.7 

2,5 
2.9 
2.6 
2.96 

2.5 


Sept. 


2. 

2. 

3. 

6. 

6. 

6. 

4. 

3. 

4. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

2.7 

3.1 

2.8 

3. 

3. 

3. 

2. 

2. 

3. 

«j. 

2. 

2. 

2. 

2. 


I  I 

Oct.   =  Nov.     Dec. 


2.Qn 

2.75 

2.9 

2.8 

2.9 

2.65 

2.3 

2.1 

2.55 

2.8 

2.5 

2.85 

2.8 

2.8 

2.95 

2.8 

2.75 

2.7 

2.8 

2.85 

3.1 

2.6 

2.9 

2.75 

2.8 

2.7 

2.7 

2.4 

2.36 

2.6 

2.8 


2.7 

2.6        ; 

2.0 

2.4 

2.4 

2.8 

2.K'> 

2.65 

2.6 

2.7 

2.2 

2.25 

2.7 

2.5 

2.8   : 

2.65  j 

2.65  I 

2.3 

2. 15 

2.65 

2.6 

2. 75 

2.  ()5 

2.8 

2.3,> 

2.8     , 

2.6 

2,7 

2.8 

3.25 


I 


3.1 

2.75 

3.4 

4.7 

3.9 

4.0 

3.5 

3.4 

3.0 

2.8 

2.9 

3.15 

3.1 

2.9 

3.2 

3.35 

2.6 

4.05 

3.3 

2.8 

2.8 

3.15 

3.4 

3.1 

It.  05 

3.1 

3.06 

3.1 

3.0 

3.3 

2.8 


JJ^E.— River  froeen  January  1  to  March  15,  when  ice  went  out.    During 
re  taken  to  the  top  of  the  ice.    The  thickncHH  of  the  ice  was  measured,  as 

Feet. 

J^ryll 1.2 

■*^^ryl6,  22 1.7 

S>Uary80 1.8 

■*«Tiary6, 14 2.1 


thi.s  period 
follows: 


February  24  . 

March  4 

March  9 


the  readings 

Feet. 

1.9 

2.5 

1.6 
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Station  rating  table  for   Ware  River  near  Ware^  Mass,,  from  September  16,  1904,  to 

December  SI,  1905, 


height. 

Discharge. 

Gage 
height. 

Ftd. 

Discharge. 
Second-feet. 

Gage 
height. 

1 

Discharge. 
Second-feet. 

Gage 
height 

Discharge. ' 

1 

Feet. 

Stcond-feei. 

!     Feet. 

Feet. 

SecondfcfL 

1.90 

42 

j        3.00 

294 

4.10 

718 

1       5.20 

1.332 

2.00 

55 

3.10 

325 

4.20 

768 

5.40 

1,460 

2. 10 

71 

3.20 

357 

4.30 

820 

5.60 

1.590     : 

2.20 

89 

3.30 

390 

4.40 

873 

'        5.80 

1,725    1 

2.80 

109 

i        3.40 

424 

4.50 

927 

6.00 

1.865 

2.40 

131 

i        8.50 

460 

4.60 

982 

6.20 

2,005 

2.50 

155 

1        3.60 

498 

4.70 

1,038 

6.40 

2,156 

2.60 

180 

!        3.70 

538 

4.80 

1,095 

6.60 

2,305 

2.70 

207 

3.80 

580 

4.90 

1,153 

6.80 

2,460 

2.80 

235 

3.90 

624 

5.00 

1,212 

7.00 

2,620 

2.90 

264 

4.00 

670 

Note.— The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  18  discharge 
mea<iurements  made  during  1904-6.    It  is  well  denned  between  gage  heights  1.9  feet  and  7  feet. 

Estimated  monthly  discharge  of  Ware  River  near  Ware,  Mass.,  for  190^^5. 
[Drainage  area,  162  square  miles.] 


Month. 


19'Jl. 

September  15-;^ 

October 

NovembiT 

December  1  -*» 

March  15-31 

April 

May 

June 

July 

August 

September 

(M'tober 

N(>veuit>er 

Dereiiiher 


Discharge  in  second-feet. 


Maximum.  Minimum.     Mean 


84G 
2<M 
357 
221 

2.860 

1,795 
29-1 
442 
207 
4(;0 

'1,'M2 
325 
37J 

1 .  (Vis 


109  ; 
80 


293 
192 
182 
172 


Run-off. 


Second-feet   tv„^.k  *„ 
per  square  ^Kl*" 


i 


1.81 
1.19 
1.12 
1.06 


\.0> 
1.37 
1.25 


294 

1,367 

8.44 

5.34 

235 

650 

4.01 

4.47 

99 

177 

1.09     1 

1.26 

16 

180 

1.11     1 

1.24 

20 

121 

.747 

.^1 

89 

214 

1.32 

1.5-.' 

1(>9 

513 

3.17 

3.. 54 

(W 

207 

1.28 

1.4^ 

SO 

188 

1.16     , 

1.29 

180 

377 

2.  33 

2.  tJy 

Note.— River  frozen  December  lu-31,  l'.H>4;  .lanuury  1  t«i 
August  26,  lyOo. 


March  15,  1905.     Di.schargv  interi»..lHl'.'<l 
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WARE  RIVER  AT  GII^BERTVILLE,   MASS. 

Records  of  flow  of  Ware  River  have  been  kept  at  the  lower  mill  throuj?h  the 
courtesy  and  aspietam^e  of  the  George  11.  Gilbert  Manufacturing  Company,  at  Gilbert- 
ville,  since  September  22,  1904.  The  drainage  area  at  this  point  is  160  square  miles. 
The  lower  dam  is  101.5  feet  long,  with  a  fairly  even  crest.  The  greater  part  of  the 
time,  however,  all  of  the  water  at  this  point  is  used  through  the  wheels,  and  the 
record  is  kept  largely  by  means  of  the  record  of  wheel  openings.  These  wheels  have 
been  rate(^l  at  Holyoke,  and,  in  addition  to  this,  current-metergagings  are  made  from 
time  to  time  as  a  check  on  the  flow.  The  average  hea<l  on  wheels  is  about  19.5  feet. 
Re<*ords  of  flow  at  this  point  during  1904-5  are  withheld,  awaiting  confirmation  of  data. 

QUABOAti   RIVER  AT  WEST  WA1«REN,  MASS. 

Quaboag  River  is  about  25  miles  in  length,  and  has  a  drainage  area  of  213  square 
miles.  It  is  an  especially  valuable  stream  as  regards  water  power,  on  account  of  its 
well-sustaine<l  flow  and  aljsence  of  effect  from  freshets.  There  is  still  a  large  amount 
of  power  below  West  Warren  which  is  not  developed. 

A  station  for  securing  a  record  of  flow  of  Cjuaboag  River  has  l)een  maintained 
by  the  United  States  Geological  Survey  at  West  Warren  at  the  dam  of  J.  T.  F. 
MacDonnell,  of  Holyoke,  since  October  22,  1904.  The  drainage  area  at  this  point  is 
144  square  miles.  The  dam  is  a  timber  crib,  102.7  feet  long,  between  vertical  abut- 
ments, and  affords  a  fall  of  about  18  feet.  This  dam  is  leased  by  the  Composite 
Txjather  Company,  but  no  power  is  used  at  the  present  time,  so  that  the  whole  flow 
is  over  the  dam. 

A  plain  staff  gage  is  placed  near  the  canal  head-gates  at  the  dam,  on  the  left  side. 
Elevation  50  of  this  gage  corresponds  to  the  level  of  the  crest  of  the  dam.  This  gage 
is  read  once  a  day  ])y  Amory  Crossman. 

Mean  daily  discharge^  in  second- feet^  of  Qaah^Hig  River  at   West   HVrrren,  Mom.,  from 

July  to  October,  1903." 


Day. 

July. 

6  213 
233 
207 
192 

6174 

Aug. 

127 
129 
130 
115 
239 
241 
2-24 
196 
191 
6214 

Sept. 

Oct. 

6  52 
81 
78 
105 
90 
82 
95 
99 
144 
146 
140 
158 
148 
118 
108 
102 

Day. 

July. 

Aug. 

Sept. 

Oct. 

1 

lie 

124 
6131 
6  73 
112 
121 
118 
116 
114 
117 
123 
116 
106 
112 
127 
151 

17 

233 
208 
178 
164 
151 
125 
133 
123 
115 
110 
129 
6158 

161 

2 

18 

1 

202 

3 

19 

4 

.5 

20 

21 

6158 
219 
225 
228 
209 
182 
172 
160 
150 
146 
136 
150 

6109 
111 
106 
101 
120 
113 
116 
119 
136 
146 
136 

6 

1  o«» 

7 

I23::::::::::::::: 

8 

i  24  .*. 

9 

!  25 

1  !>,; 

10 

6  93 
128 
170 
270 
217 
211 
6197 

11 

27 

12 

28 

13 

29 

14 

30 

15 

!  31 

16 

a  From  automatic  gage  records  kept  by  Massachusetts  State  Board  of  Health. 
^  Average  of  less  than  24  hourly  readings. 
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Eftimaied  monthbj  discharge  of  Quaboag  Rirer  at  West  Warren,  Mass.,  for  1904 and  IdO-l 
[Drainage  area,  144  square  mile^] 


October  '2:>-31 . 

November 

December 


January . . 
February . 

March 

April 

May 


June 

July 

August 

September. 

October 

November . 
December  . 


Discharge  in  Kecontl-feet. 


J. 


Riin-flff. 


Month. 


The  year  . 


Maximum. 


Minimum. ;    Mean. 


Second-feet 


Depth  in 


•"mir"'"'"- 


182 

106 

153 

1.06  , 

are 

182 

30 

82 

.5®| 

.$& 

229 

10 

76 

•'"l 

M 

605 

123 

267 

1.85  1 

2.13 

161 

83 

1-20 

.833  1 

.«7 

1,206 

'106 

525 

3.65  ' 

4.21 

931 

226 

556 

3.86  1 

4.31 

229 

106 

148 

1.08 

1.19 

106 

55 

88 

.611 

.682 

106 

20 

59 

.410 

.473 

72 

30 

50 

.347 

.4110 

476 

72 

101 

1.42  j 

!..=» 

106 

72 

90 

.625! 

.721 

89 

55 

83 

.576 

.W3 

306 

89 

187 

1.30  1 

1..V) 

1,206 

20 

198 

1.38 

18.71 

Note.— Estimates  ure^  bastMl  on  one  gjige  reading  per  day,  taken  at  about  6.15  a.  m.  (before  mill 
upntreani  startn  up)  on  week  days,  nnd  on  SundavK  at  about  4  j).  m. 


SWIFT  .I«rV'EI«  AT  AVEST  AVARE,  MASS. 

Swift  River  is  about  .*iO  inilt's  lon^  and  has  a  total  drainage  area  of  218  stjuare  milt^. 
It  drains  a  hilly  country  very  .siniihtr  to  that  of  Ware  River,  but  perhaj)8  more  thickly 
wooded.  There  is  enougli  storage  on  this  river  to  make  the  flow  well  sustaineil  dur- 
ing tlie  dry  period. 

Records  of  How  of  Swift  River  have  been  kept  at  the  mill  of  the  We.st  Ware  Pafier 
Company,  through  tlie  courtesy  of  Dwight  Holland,  manager,  sinceOctober  21, 19(4. 
The  drainage  area  at  this  point  is  188  square  miles.  The  dam  at  West  Ware  is  a  tim- 
ber crib,  and  has  a  total  length  of  150  feet  between  vertical  abutment^?,  with  a  fairly 
good  crest.  A  consideraV)le  portion  of  the  time  all  of  the  water  is  use<l  at  this  point 
through  tlie  wheels,  an<l  the  record  is  ke|>t  largely  by  means  of  them.  One  of  tht^ 
wheels  has  been  rated  at  Holyoke,  and  additional  current-meter  mea.su rement.*  are 
made  to  .^erve  lus  a  check  on  the  computations.  The  average  head  on  the  wheels  i? 
about  11  feet. 

Ai)ril  14,  1905,  this  mill  was  totally  destroyed  by  lire,  so  that  reconls  heri'  ha^^^ 
been  interrupted. 

AVESTFIELI)   HIVKR   AT  Kl  SSEI.L,  MASS. 

The  main  branch  of  Westiield  River  rises  in  the  northeastern  part  of  Berkshin? 
County,  entering  Connecticut  River  at  S])ringtield,  with  a  total  length  of  about  o-> 
miles.  Its  principal  tributaries  are  West  Branch  and  Middle  Branch,  respectively; 
the  length  of  West  Branch  from  the  mouth  is  22  miles  and  that  of  Middle  Bram'^ 
24  miles.  The  country  in  this  drainage  ba.sin  is  very  hilly  and  even  mountainou? '*^ 
its  headwaters.  Sloix's  are  steep  and  ro(;ky.  There  is  little  storage,  and  con?*^ 
quently  rapid  fluctuations  in  the  flow. 
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A  gaging  station  was  established  April  1,  1904,  by  N.  C.  Grover.  It  is  located  at 
be  steel  highway  bridge  near  the  railway  station  at  Russell,  Mass.  This  bridge  has 
wo  spans,  which  are  about  250  feet  long.  The  drainage  area  at  this  point  is  331 
quare  miles. 

The  channel  is  straight  for  1,000  feet  above  and  below  the  station.  The  bed  of 
he  stream  is  of  gravel  and  small  bowlders,  very  rough  but  permanent.  Both  banks 
re  high,  rocky,  and  clean,  and  not  subject  to  overflow.  There  are  two  channels  at 
11  stages;  the  current  is  swift  at  all  times. 

Dischai^e  measurements  are  made  from  tlie  bridge.  Thfe  initial  point  for  sound- 
ngs  is  the  face  of  the  left  abutment,  on  the  downstream  side,  at  the  top. 

A  standard  chain  gage,  which  is  read  twice  each  day  by  B.  A.  Silliman,  is  attached 
o  the  upstream  side  of  the  bridge  near  the  center  of  the  left  span;  length  of  chain, 
3.98  feet.  The  gage  is  referred  to  bench  marks  as  follows:  (1 )  Top  of  plank  floor  near 
he  zero  of  gage  scale;  elevation,  22.89  feet.  (2)  Upstream  inner  corner  of  left  abut- 
nent  near  poet;  elevation,  22.31  feet.  (3)  Upstream  inner  comer  of  right  abutment 
lear  post;  elevation,  24.76  feet.     All  elevations  refer  to  the  datum  of  the  gage. 

A  description  of  this  station  and  gage-height  and  dischai^ge  data  are  contained  in 
Vater-Supply  Paper  of  the  United  States  Geological  Survey  No.  124,  pages  145-146. 

Discharge  measurements  of  Westjield  River  at  Russell,  Mass.,  in  1905. 


Mean 
velocity. 

Gage 
height 

Ft.prrsec. 

Feet. 

5.11 

2.81 

4.23 

2.12 

3.15 

1.32 

2.09 

1.20 

1.10 

.75 

Dis- 
charge. 

Sec-feet. 

2.680 

1,590 

735 

480 

167 


a  By  wading  one-half  mile  above  gage. 
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Dailij  gage  height^  in  feet j  of  WestfiM  River,  at  Riissell,  Ma^,,  for  1905, 


Day. 


Mar.       Apr.       May.      Juno.      July.       Aujr.   ;  Sept.        Oct.        Nov.       Dec. 


2 

8          

4 

r> 

i 
(> 

-          1 

8 

9 1 

10 1 

11 1 

12  .  .      ' 

IS ' 

14 

15               

K) 

17 1 

IS 

19 

4.0 

20 

3. 25 

21 

2. 25 

22 

2.1 

23 

2. 0 

24 

i   1,M 

25 

1   3.1 

2rt 

!   X.5 

27 1  J 

2M 

3  9.') 

29 

4  1 

:U) 

4  4:» 

HI I..-. 

3.9 

1.3 

O.H 

0.8 

1.3 

1.2 

0.85  1 

0.95 

1.5 

2.9 

1.25 

.S 

.75 

1.0 

1.0 

.9 

1.0 

1.3 

2.3 

1.2 

.85 

.7 

.9 

4.4 

.9  1 

.96  . 

2.25 

1.15 

.S 

.7 

.8 

6.5 

1.0 

l.Cft  . 

2.K5 

1.1 

.8 

.6 

.8 

.3.a5  : 

.95 

1.1   . 

4.3 

1.1 

.85 

.7 

.6 

2.0  i 

.9 

1.1  '. 

2.7 

1.1  , 

1.1 

,7 

,7 

1.55 

.8 

l.«> 

1.5 

2.3 

1.1 

I.a5 

.7 

.85 

1.4 

.85 

1.4 

1.5& 

2.2 

1.05  ! 

.9 

.6 

.8 

1.2 

.8  '■ 

1.25 

1.4 

2.3 

1.1  1 

.H.J 

.6 

.7 

1.1 

,H 

1.1 

1.4 

2.9 

1.0  : 

.8 

,7 

7 

1.1 

•^   1 

1.1 

I.JJ 

3.a5 

1.1  , 

.8 

.95 

1.1 

2.3 

1.9  1 

l.a5 

1.9 

2.3 

1.1 

.9 

.8 

1.05 

2.35 

1.5  . 

1.0 

1.3 

2.15 

1.15 

.9 

.8 

.9 

l.,55 

1.2 

1.0 

1.1 

2.1 

1.25  ' 

.9 

.6 

.9 

1. 3.5  1 

1.1 

.9  ' 

l.OS 

1.9 

1.45 

.9 

.6 

1.4 

1.3  i 

1.1 

1.0 

1.25 

l.H 

1.4 

.8 

.6 

1.5 

1.3  1 

1.0 

1.0.5  .. 

1.65 

1.3 

.75 

.6 

l.l 

1.4 

.95 

1.0 

1.6 

1.2 

.7 

.6 

.9 

1.75 

1.1  1 

1.0  '. 

1.5.5 

1.1  . 

.95 

.7 

.8 

1.4 

1.8  , 

1.4 

1.8 

1.0 

.95 

.6 

.8 

1.6 

1.7 

1.4 

1.75 

1.0 

1.8,5 

.6 

.a5 

1.4 

1.3 

1.4 

1.5 

1.0 

1.65 

.6 

.8 

1.2 

1.2 

1.0 

1.4 

.  95 

1.15 

.5 

.85 

1.1 

1.1 

1.0  !. 



1.35 

.9 

.95 

.5,5 

.8 

1.1 

1.0 

1.0 

1.3 

.9  . 

.9 

.  7 

1.0 

1.0  : 

1.0  1 

1.0  |. 

l.'i 

.9 

1.0 

.rw> 

.85 

•^  ; 

1.0  j 

1.0  !. 

1 .  :h5 

.S."i 

.  9 

.6 

.8.'> 

.95 

1.0  1 

1.0   . 

i.M 

.  .s 

,  ,s 

.6 

.9 

.9 

.  95 

1.3  i. 

i.:5 

.So 

.  H 

2.2 

.9 

..<"> 

1.0 

2.  95  '  . 

.M 

1.8.'-> 

1.:^ 

.95  L 

.Vote.— Kivir  frozen  .Ijuuiai  y  1  to  Munh  18  and  DecoinhtT  17-31.     River  clear  of  ice  March  20. 
WKSTKIKLI)  I.ITTI.K  UIVKU  NKAU  HI.AM)FORl>,  M.VSS. 

Wentfield  IJttU'  Kiver  is  fonnetl  by  the  union  of  IVobles  and  Borden  briK)ks  in  the 
Honthern  part  of  the  town  c»f  Bland  ford.  The  hea<lwaterH  of  Peebles  Brook  are  in 
North  lilandford,  at  an  elevation  of  about  1,400  feet,  while  at  its  junction  with  B<»r- 
den  Brook  it  ha.-^  an  elevation  (»f  about  S50  feet,  a  fall  of  550  feet  in  a  dij*tanee  "i 
about  S  miles.  lielow  Borden  lirook  the  fall  is  also  very  rapid,  reaching  an  elevation 
•  »f  200  feet  in  tlu'  vicinity  of  West  l*arisb,  a  distance  of  (>  niilen  from  Borden  Brook. 
The  draina;jr  area  at  the  junction  of  Peebles  an<l  Borden  brooks  is  about  48  s<|uan" 
miles;  at  the  mouth  of  the  river,  KIJ.O  miles.  The  slopes  are  very  steej>,  and  in 
places  precij>itous.  The  ^^reater  part  of  the  basin  above  West  Parish  is  in  forest. 
It  is  expected  that  Westlield  Little  River  will  be  u.^ed  as  the  iminicipal  water  supply 
for  the  city  of  Springtield,  for  which  a  dam  an<l  reservoir  are  l>eing  planned  in  the 
vicinity  of  Cobble  Mountain. 

A  ^'iigin*:  .^'tation  was  established  July  18,  1005,  by  H.  K.  Barrows,  at  Cobble 
Mountain,  near  Blandfonl,  Mass.  It  is  located  a  short  tlistance  below  Borden  Bro(^>k, 
and  is  maintained  in  cooperation  with  the  water  l>oard  of  the  city  of  Springfield, 
through  their  engineer,  K.  K.  Lochridge. 

The  channel  is  straight  lor  100  feet  above  and  2(K)  feet  below  the  station.  The  bed 
ig  very  rough  and  rocky,  though  it  has  been  improved  somewhat  l)y  the  aid  of  dyna- 
mite.     The  left  bank  is  high  and  steep,  but  the  right  bank  is  liable  to  overflow  in 
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extreme  high  water.  The  channel  ia  fairly  permanent,  but  in  extreme  freshets  is 
liable  to  change,  this  having  occurred  during  the  present  season,  as  noted  in  connec- 
tion with  the  liHt  of  discharge  measurements.  The  current  is  swift  at  high  and 
medium  at  low  stages.     The  flow  is  free  and  very  little  affected  by  artificial  conditions. 

Discharge  measurements  at  medium  and  high  stages  are  made  from  a  car  suspended 
from  a  cable  of  140-foot  span.  The  initial  point  for  soundings  is  a  6-inch  maple  tree 
on  the  left  bank  in  the  line  of  the  cable.  All  low-water  measurements  are  made  by 
wading  at  various  sections. 

A  staff  gage  is  bolted  to  a  large  rock  on  the  left  bank  of  the  river.  A  standard 
chain  gage  is  also  attached  to  a  tree  on  the  left  bank  a  short  distance  above  the  staff 
gage.  The  length  of  the  chain  is  11.43  feet.  Gage  readings  are  made  twice  each  day 
by  8.  H.  Bodurtha.  Both  gages  have  the  same  datum,  and  are  referred  to  bench 
marks  as  follows:  (1)  Circular  chisel  draft  in  highest  point  of  stone  to  which  the 
staff  gage  is  attached;  elevation,  5.00  feet.  (2)  Chiseled  T  near  the  gage  on  the  same 
stone,  for  measurement  to  water  surface;  elevation,  3.61  feet  (3)  Center  of  head 
of  nail  in  largest  tree  on  right  bank  opposite  the  gage;  elevation,  8.55  feet^  All 
elevations  refer  to  datum  of  the  gage. 

Discharge  measurements  of  Westfield  Little  River  near  Blandford,  Mass.^  in  1905. 


Date. 


Hydrographer. 


Width. 


July  14  a Barrow.s  and  NorcrosH  . . 

August  lOrt 1  NorcrosHandLockridge. 

September  8«<. do 

September  27  « .   T.  W .  Norcrojw 

September  28  «. do 

October  13&. . . .  ■ do 

October  14* do 


Feet. 
34 


November  9  <>. .  •  Norcrosa  and  Loekridgc  . 


Area  of 
section. 


Mean 
velocity. 


Sq.  /eel. 
44 


32 

611 

46 

73 

39 

54 

39 

53, 

44 

77  ! 

42 

71  1 

Fl.per.9ec. 

0.73 
.47 

1.12 
.49 
.48 

1.10 


Gage 
leignt. 


heigl 


Feet. 
2.32 
2.30 
2.98 
2.40 
2.39 
2.94 
2.76 
2.57 


Dis- 
charge. 

Sec-feet. 
32.4 
23.8 
82. 
26.5 
25.7 
85. 
50. 
40.1 


"By  wading;  meteron  a  rod. 


feFrom  cable  car. 


Note.— The  measurement  of  July  14  is  not  comparable  Mrith  the  measurements  which  follow,  on 
account  of  changed  conditions  of  bed  of  river,  cau.sed  by  freshet  of  July  30. 

Daily  gage  height j  in  feetj  of  WestJiM  Little  River  near  Blandford^  Mass.  ^  for  1906. 


Day.         July,   Aug, 


9 

10 

11 

12 

13 

14 

15 

16 


I 


I  2,37 
i  2.Z5 
2.06 


I 


a.ofi 

2.44} 

2,32 

2,4fl 

2.41 

2. -I 

2.  a 

2.3S 

2,36 

2.24 

2^4 

±U 

2.96 


Sept. 

Oct. 

Nov. 

I>ec. 

2.47 

3.^2 

13S 

4 

2.5 

'LM 

%M 

«3.3    1 

4.a« 

2.5S 

2.  SB 

4.18 

5.25 

2.46 

2,75 

5l.m 

4.36 

2.39 

2,58 

^A   ! 

a.  6 

%U 

2.68 

3,8 

a.  25 

±% 

2.78 

X15 

3-0 

2.2B 

2.68 

3.0    , 

2,»4 

2,28 

2.5S 

2,ft'> 

2.6* 

2.25 

2.56 

3.0    ' 

2.6 

2.24 

%.m 

«Sl.l 

S.6tt 

3,45 

2,4ft 

13.1 

a,6S 

2.96 

'1.U 

««.1     ; 

S,3 

2,70 

2.44 

'^.0 

2.  Mi 

2.6   *n.ta 

'f-^.g   ' 

2.S2 

2.51 

rt2.49 

2.9 

Day. 


17., 

18.. 

19 

20 

2t .„.. 

22 

23.,... 

24 

25 

2fl 

27,...,.... 

2a .,. 

30... 

fll 


jQir. 


1.96 
1.92 
2.25 
2.26 
2.18 
2.0 

L9 

T.B3 

t.sa 

Lftfl 

l,« 

7,7.S 

4.  a 


AUK. 

Sept. 

3.8 

2.8 

2. 63 

3.0 

2.A4 

fi,DI 

2,25 

2.9 

2.10 

2.98 

2.16 

'i-U 

2.1 

2,08 

2.118 

2.M 

2.8 

!L62 

±f» 

2.44 

2.42 

2.44 

2,37 

2.42 

2.49 

2.36 

2.88 

2.38 

%hl 

Oft 


2.5 

2.4» 

2.46 

3,2 

2.&5 

2.73 

2.J50 

2.6 

2.6 

2.38 

X4« 

2.43 

2.4 

2,4 

2,37 


Nov. 


2.17 

2. 45 
2.4 

ifl-i.5 

na.fl 
a2.6 
2.% 
2.5 
2.48 
2.48 
3.32 
B,62 
3.38 


Dec. 


ii2.9 

«3.0 

qS.O 

dg.O 

'J  4.0 

3.45 

3.3 

3.18 

3.0 

8.0 

2.9 

2.9 

S.85 

3.48 

3.05 


"Anchor ice  in  river. 


h  River  clear  of  ice. 


Note.— Gage  heights  during  freshet  of  July  30  estimated.  Crest  of  flood  was  at  gage  height, 
at  8.30  a.  m.,  His  determined  afterwards  with  a  level,  using  marks  on  trees.  Relation  of  gage  ^ 
to  discharge  changed  by  this  flood. 
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SALMON  RIVER  AT  I.EESVILIiE»  CONK. 

This  station  was  established  March  28,  1905,  by  H.  K.  Barrows.  It  is  located  tt 
the  plant  of  the  East  lladdani  Electric  Light  Company  at  Leesville,  a  short  dirtance 
above  the  bridge  on  the  highway  leading  from  Leesville  to  E^thampton.  Tbe 
drainage  area  at  this  point  is  115  square  miles.  The  station  is  maintained  throogh 
the  cooperation  of  Messrs.  Ransom  &  Udadley,  of  Providence,  R.  I.,  who  are  expect- 
ing to  build  at  this  point  a  dam  about  72  feet  in  height  for  developing  light  and 
power,  which  will  probably  be  used  in  Hartford. 

The  channel  is  cun-ed  more  or  less  above  and  below  the  station.  The  bed  is  rather 
rough  and  rocky;  banks  in  the  vicinity  of  the  gage  are  high  and  steep,  bat  a  short 
distance  below  the  bridge  they  become  of  medium  height  The  current  is  good  at 
the  places  used  for  measurement  by  ^-ading,  but  is  apt  to  be  small  and  poorly  dis- 
tribute<l  in  the  vicinity  of  the  bridge  during  ordinary  stages.  This  station  may  be 
influent^  for  a  time  during  the  spring  by  backwater  effect  from  Connecticut  River, 
into  which  it  flows  about  5  miles  below  this  point  The  effect  of  the  tide  is  experi- 
enceil  nearly  up  to  the  highway  bridge,  but  it  is  believed  that  gage  readings  are  not 
affected  by  it  During  the  low-water  season  no  water  is  allowed  to  flow  by  the  dam 
during  the  daytime,  consequently  it  has  been  necessary  to  get  a  number  of  gage 
readings,  most  of  which  were  in  the  night,  to  determine  the  mean  flow  for  the  day. 

Discliarge  nieasurenientfi  at  ordinary  and  low  stages  are  made  by  ¥rading  at  varioofl 
sections  in  the  vicinity.  At  high  water  they  are  made  from  the  bridge,  where  there 
is  a  clear  span  of  about  100  feet. 

A  vertical  staff  gage  is  fastened  to  the  side  wall  of  the  tailrace  near  its  entrance  into 
the  river.  An  additional  staff  gage  is  fastened  to  the  foundation  wall  of  the  electri^ 
light  station  for  high-water  observations.  Gage  readings  are  taken  by  £.  W.  Crocker, 
superintendent  of  the  ele(!tric-light  plant  The  two  gages  are  referred  to  bench 
niarkn,  sm  follown:  (1 )  Circular  chisel  draft  on  stone  near  staff  gage  in  tailrace;  eleva- 
tion, 2.\)H  feet.  (2)  Cinnilar  chisel  draft  on  Iwwlder,  I^  feet  south  and  8  feet  west 
of  Houtheast  corner  of  ele(*tric-light  station;  elevation,  4.51  feet.  (3)  Chiseled  cros? 
on  ledjje  21)  feet  ea.«t  and  5  feet  north  of  southeast  corner  of  old  ]>ower-hou0e  founda- 
tion; (»levatiun,  9.27  feet.     All  elevations  are  above  datum  of  the  gage. 

DMianje  meaifiirt  mrnts  <ff  S<tim(/n  Kiv/^r  at  fjeeHriiUf  Conn.^  in  1905. 
Date.  Ilydr«)jfraplu'r. 


I 

April  2S«i BHrn)ws  ami  Norrmss  . 

May  IC  (I T.  W.  Nortoss 

May  'H\n (\o 

Doci'mbrr  r>  '* <1(> 


Width. 

1 

Arc.'a  of 
section. 

'    Mean 
veloi'ity. 

height. 

Dii^ 
ehaiiS?. 

Frtt. 

%A 

Ft.pfVKC. 

Fett. 

Str.-n. 

r20 

112 

1.48 

1.84 

166 

122 

121 

1.46 

1.38 

177 

IW 

82 

.89 

.70 

7i 

W> 

4(K) 

.82 

1.97 

xv 

'«  By  wadiuir:  inotcr  «m  a  nnl. 

^Froiii  down.>ttn>4im  .-ido  of  hJKhway  bri<lK<':  abiait  (»iK'-oii<hth  of  (lischarKe  Ih  estimated. 
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HOUSATONIC  RIVER  DRAINAGE  BASIN. 
DESCRIPl'ION  OF  B^V8IN. 

IlouBatonie  River  han  its  source  in  Berkshire  County,  Mass.  It  flows  southward 
icroflB  Massachusetts  and  the  west  end  of  Connecticut,  entering  Ijong  Island  Sound. 
;t«  course  is  nearly  parallel  to  the  eastern  boundary  of  New  York.  State,  and  it 
•eceives  the  drainage  from  Tenniile  River  in  New  York. 

Tenniile  River  drains  an  area  of  diversified  topography,  including  broad  flat«  and 
narshes  in  the  basin  of  Swamp  River  and  extensive  areas  under  cultivation  and 
iparsely  timbered  hills  in  the  region  of  the  Chestnut  Range.  The  drainage  area  lies 
jhiefly  in  New  York  State,  the  stream  crossing  the  line  into  Connecticut  one-half 
nile  above  the  junction  with  the  Ilousatonic. 

HOUSATONIC   RIVER  AT  GAYLORDSVILLE,  CONN. 

This  station  wa«  established  Octol)er  24,  1900,  by  E.  G.  Paul.  It  is  located  at  the 
»vered  wooden  highway  bridge  at  Gaylordsville,  2  miles  below  the  mouth  of  Ten- 
nile  River. 

The  channel  is  straight  for  about  500  feet  above  and  below  the  measuring  section, 
ind  there  is  sufficient  velocity  at  all  stages  to  permit  of  accurate  measurement.  At 
ligh  water  the  current  ie  swift  and  rough.  Both  banks  are  subject  to  overflow  only 
luring  extreme  freshet«;  >K)th  have  a  sparse  growth  of  trees  and  brush.  The  bed  of 
;he  stream  is  comjxjsed  of  gravel  and  cobblestones,  free  from  vegetation,  and  not 
jubject  to  change. 

On  account  of  the  iK>or  cross  section  of  the  bridge  discharge  measurements  are 
uade  by  means  of  a  cable  and  car  IJ  miles  l)elow.  The  cable  has  a  span  of  200  feet. 
The  initial  |)oint  for  soundings  is  the  zero  of  the  tagged  wire  at  the  sycamore  tree 
^hich  sup^)orts  the  (able  on  the  left  Imnk. 

A  standard  chain  gage,  which  is  read  twice  each  day  by  G.  H.  Monroe,  is  fastened 
;o  the  woodwork  of  the  inside  of  the  bridge;  length  of  chain,  30.45  feet.  No  bench 
narks  have  >)een  established.  The  center  of  the  gage  pulley  is  29.35  feet  above  gage 
latum. 

Information  in  regard  to  this  station  is  containe<l  in  the  following  Water-Supply 
E^apers  of  the  United  States  Geological  Survey: 

Description:  47,  pp  'SbSd;  65,  pp  87-8>S;  S2.  p  121:  97,  p  94;  124,  p  147. 

DischaiKe:  47,  p  36;  65,  p  8M;  82,  p  122;  97,  p  95;  124.  p  148. 

DiBchargc,  daily:  97,  pp  98-101;  124,  i»  151. 

Discharge,  low-wiiter:  65,  pp  89-90. 

Discharge,  monthly:  75,  p24;  97.  pp  102-103;  12J,  p  152. 

Gage  heights:  47,  p  36;  65,  p  89:  82.  p  1-22;  97.  p  yii;  124,  p  149. 

HydrograpliN:  75,  p2l. 

Eating  Ubles:  65,  p  318;  97.  p  97.  121,  p  150. 

IBR  165—06 10 
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Daily  gage  height j  infeeij  of  Housatonic  River  at  Gaylordsville,  Conn.,  for  1$06 
Mar.  I  Apr. 


1  . 
2.. 
3.. 
4.. 

6.. 

7.. 

8.. 

9.. 
10.. 
U.. 
12.. 
13.. 
14.. 
16.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 
25.. 
26.. 
27.. 
28.. 
2*^.. 
30.. 
31.. 


Day. 


Jan. 


4.2 

4.3 

4.45 

4.5 

4.4 

4.4 

8.4 

8.0 

6.66 

6.5 

6.25 

6.1 

6.4 

5.65 

6.45 

5.4 

5.2 

5.1 

5.05 

5.1 

5.1 

5.1 

5.0 

4.65 

4.6 

4.6 

4.r. 

4.5 

4.7 

•l.fi 

4.5 


Feb. 


4.4 

4.45 

4.5 

4.4 

4.45 

4.4 

4.4 

4.5 

4.3 

4.8 

4.4 

4.4 

4.25 

4.2 

4.35 

4.4 

4.8 

4.2 

4.2 

4.1 

4.1 

4.15 

4.0 

4.0 

4.1 

4.2 

4.2 

4.2 


4.2 

4.3 

4.25 

4.2 

4.1 

4.1 

4.15 

4.15 

4.3 

4.7 

5.65 

5.3 

6.1 

5.0 

4.96 

4.7 

4.8 

4.76 

6.6 

7.3 

6.65 

6.6 

6.55 

6.65 

8.15 

8.1 

9.1 

y.a=> 

K.S 

8.  n:i 


8.4 

7.95 

7.7 

7.0 

6.8 

7.3 

7.15 

6.8 

6.76 

6.6 

6.56 

6.66 

6.65 

6.2 

5.76 

6.8 

6.8 

6.46 

6.45 

5.36 

5.5 

5.55 

5.3 

6.1 

5.1 

5.05 

5.0 

5.0 

5.0 

l.S 


May.  [  June. 


4.8 

4.8 

4.8 

4.75 

4.65 

4.5 

4.4 

4.45 

4.3 

4.3 

4.45 

4.4 

4.66 

4.15 

4.45 

4.45 

4.5 

4.55 

4.55 

4.5 

4.3 

3.85 

4.25 

4.25 

4.0 

4.a5 

4.0 

4.1 

3.x 
4,0 


I 


4.0 

3.65 

3.9 

3.9 

3.7 

3.75 

4.35 

4.2 

4.1 

4.2 

4.06 

4.0 

4.06 

4.2 

4.05 

3.95 

4.0 

3.55 

8.4 

3.45 

3.8 

3.95 

4.15 

4.8 

3.5 

4.0 

4.0 

3.7 

3. 5 

3.6 


July. 

3.4 

3.4 

3.56 

3.4 

3.35 

3.2 

3.3 

8.4 

8.25 

3.25 

3.25 

3. 35 

8.86 

3.8 

3.45 

3.7 

3.6 

3.45 

3.25 

3.25 

3.3 

3.25 

3.15 

3.4 

3.4 

8.25 

3.5 

3.35  I 

3.15 

3.35 

4.05 


AUR. 

Sept. 

4.65 

4.0 

4.4 

3.8 

4.2 

4.8 

3.95 

6.35 

3.8 

6.85 

Oct.  I  Not.  i  Dec. 


3.45 

3.5 

3.6 

3.46 

3.65 

3.7 

3.8 

8.75 

3.5 

8.6 

3.9 

4.1 

8.9 

3.9 

3.8 

3.75 

8.5 

8.36 

3.65 

4.1 

4.0 

3.7 

3.8 

3.6 

3.65 

4.3 


6.35 

6.7 

5.45 

5.06 

4.7 

4.6 

5.0 

5.1 

6.2 

6.1 

6.15 

4.7 

4.65 

4.8 

4.95 

4.95 

5.0 

4.8 

4.65 

4.4 

4.3 

4.2 

4.25 

4.15 

4.0 


4.05 

4.0 

4.1 

4.3 

4.15 

4.15 

4.2 

4.1 

4.0 

3.95 

3.9 

4.4 

4.7 

4.5 

4.4 

4.3 

4.1 

4.15 

4.15 

4.3 

4.5 

4.65 

4.4 

4.1 

4.3 

4.3 

4. 25 

4.2 

4.25 

4.35 

4.4 


4.06 

4.0 

3.95  I 

4.0 

4.0  I 

4.2 

4.2   I 

4.4   I 

4.8   I 

4.»j 

4.3 

4.2 

4.1 

4.06' 

4.0 

3.6 

4.0 

4.0 

3.9!) 

3.8 

3.8 

3.75 

3.7 

3.9 

,4.0 

3.7 

3.75 

3.85 

1.3 

.5.0 


5.06 
.1.0 
5.55 
6.5 
6.3 
5.65 
5.45 
5.1 
5.15 
5.2 
5.2 
i8 
t« 
4.75 
4.6 
i6 
4.2 
4.85 
4.4 
1.5 
'    4.85 
5.5 
'    5.5 
5.15 
4.9& 
4.7 
4,7 
4.7 
IV 
4.^ 
4.S5 


Note.— January  1,  ice  1  fwt  thick  uloiiff  edges.  Juiiuar>'7,  ice  went  out.  Januan'  7-2.5.  riveroptn 
January  2ti,  observer  notes  river  <»i»en  at  gago.  but  frozen  acr(»»i  5  inches  thick  about  35  nxis  Inflow  the 
fi&ge.  Ice  along  banks  above  gage;  no  anchor  ice.  This  condition  held  nearly  constant  with  slight 
increase  of  ice  along  banks  until  March  11,  when  ice  began  to  melt.    River  clear  Man>.h  18. 


HOUBATONIC   BIYEB   DBAINAGE   BASIN. 


SUiiian  rating  table  for  HoutaUmic  Rwer  at  OayhrckvUUf  Ckmn.,  from  October  SS.  19{ 

to  December  SI,  1906. 


hei^t. 

Discharge. 

G««e 
height. 

DiachAige. 

QMge 
height. 

Discharge. 

hel^t. 

DischAige. 

Ftei. 

Seeim^Jttl. 

FeeL 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

2.60 

120 

4.60 

1,606 

6.60 

5,201 

8.60 

10.430 

2.60 

157 

4.70 

1,642 

6.70 

5,448 

8.70 

10,700 

2.70 

198 

4.80 

1,778 

6.80 

5.602 

8.80 

10.980 

2.80 

230 

4.90 

1,914 

6.90 

5,986 

8.90 

11,250 

2.90 

266 

5.00 

2,060 

7.00 

6,180 

9.00 

11.680 

a.  00 

ao8 

5.10 

2,216 

7.10 

6,440 

9.10 

11,800 

3.10 

862 

5.20 

2,882 

7.20 

6,700 

9.20 

12.080 

3.20 

402 

5.80 

2,M8 

7.30 

6,960 

9.80 

12.350 

3.30 

451 

6.40 

2,714 

7.40 

7,220 

9.40 

12,630 

3.40 

601 

5.50 

2,880 

7.60 

7,480 

9.50 

12.900 

3.50 

660 

5.60 

8,076 

7.60 

7,744 

9.60 

18.180 

3.60 

618 

5.70 

8,272 

7.70 

8,008 

9.70 

18,460 

3.70 

686 

5.80 

3,468 

7.80 

8,272 

9.80 

13,740 

3.80 

754 

5.90 

8,664 

7.90 

8,586 

9.90 

14,020 

3.90 

822 

6.00 

3,860 

8.00 

8,800 

10.00 

14,300 

4.00 

890 

6.10 

4,080 

8.10 

9,070 

10.10 

14,600 

4.10 

986 

6.20 

4,300 

8.20 

9,340 

10.20 

14,900 

4.» 

1,082 

6.30 

4,520 

8.30 

9,610 

10.30 

16,200 

4.30 

1,178 

6.40 

4,740 

8.40 

9,880 

10.40 

15,500 

4.40 

1,274 

6.50 

4,960 

'        8,50 

10,150 

10.50 

15,800 

4.60 

1,870 

Note.— The  above  table  i»  ap 
jiea«uremeiit0  made  during  19i 
Above  5  feet  the  measurementu  are  scattered. 


pllcable  only  for  open-channel  conditions.    It  is  based  on  dischai 
meacurements  made  during  ld0(V-19O4.    It  is  well  defined  between  gage  heights  3  feet  and  5  fc 


Eriimaied  monthly  discharge  of  Ilousatonic  River  at  GaylordmnlUy  Conn.,  for  1905, 
[Drainage  area,  1,020  square  milm.] 


Month. 


Jannary  7-26. 
March  1»-81 

April 

May 

June 

July 

August 

September. . . 

October 

November . . 
December . . 


Discharge  in  second -feet. 


Maximum.  Minimum. 

I 


9,880  * 
11,800 
9,880  I 
1,778 
1.226 
988 
1,W4  I 
5.814  ' 
1.642 
2,060 
4,960  , 


1,506 

1,710 

1,778 

754 

501 

377 

476 

754 

822 

618 

1,082 


Mean. 

3,662 

7,791 

4,321 

1,246 

837 

494 

773 

2.056 

1,131 

966 

2,183 


Run-off. 


Second-feet  r»*»r.»K 


8.58 
7.64 
4.24 
1.22 
.821 
.484 
.758 
2.02 
1.11 
.937 
2.14 


INDEX 


A. 


I'uBo. 


raowkMigmonta  and  cooperation IS- 19 

"f^foot,  definition  of 10  , 

unonoosuc  River  at-  I 

Bmton  Woods,  N.  II.: 

description 128 

di.schar^ 12« 

gagie  heights 1'29 

droacoggin  River  at- 

Dlxfleld.  Mc.: 

description ^2  . 

discharge h2 

discharge,  monthly H4  | 

gage  heights 8:<  i 

rating  table M  I 

ErroIDam,  N.  n.: 

description ' 7(i  : 

^orham.  N.  II.: 

description 7r. 

(^ninfonl  Falls.  Me.: 

de!»cription W)  I 

discharge,  daily HI   | 

discharge,  monthly 81  I 

ihelbumc.  N.  H.: 

description 7«i-77  , 

discharge 77 

discharge,  monthly 7U 

Bftg^-ht^lgtif*         78 

rating  table 70 

itMCoggin  River  basin: 

1  ,         7;i-7i; 

>Btook  River  at-  - 

Port  Fairfield,  Me.:  i 

description 24-2')  | 

discharge 2.'>  j 

dischaige,  monthly 27  j 

gage  heights 2ri-2»i 

rating  table 2»i 

Uelot  River  at— 

Wincheater,  N.  H.: 

description I'-^i 

Uai  Pond.  Me.: 

ICoose  River  near: 

dischaigo Tki 

B. 

lug.  Me. 

St.  Crolz  River  near: 

description 2S 

discha  rge 2S 

discharge,  monthly IW 

gage  heights 29 

mting  table 29 


Hliickstont'  Ulvor  n«'ar  --  Taiw*. 

W<K)ns<x;ki't.  U.  I.: 

<h'.st'ript  U»ii IW 

di.st'lmrgt' UW 

giigt^  heights 110 

BlackNtom*  Kiver  basin: 

doscript  i()n  of .     .      U>.» 

HIandford.  Mass. 

WoHtfi»'ld  Littlo  Ulvor  iioar: 

de.HCTiplion H2  IW 

di.s<>l)arg(> I W 

gago  heights I W 

HniH.Hiia  Lake.  Mo. 

Drassiui  Stn-aiu  n««ar: 

discharge «a 

M,^  ,,  .,  ..r: 

aidfhnJgi^ »•:* 

MofMl^Klv^r  tiiyir: 

dbtoliiLFire        tW 

hffimun  Sin  tilt  Tir;kr 
Hrassiui  Lake.  Mr.: 

disi'harp' •»:< 

Hn«tton  Wooils.  N.  II. 

Aiimmnoo.sue  River  at : 

di'serijjtion .       .  128 

•lischargi' 12S 

gagf  hiiglits rj'.J 

('. 

Calile  station,  llgun*  showing 14 

('arrjil)a.ssi'tt  Kiverat 
North  Anson.  .Me.: 

de.scriptioii riH-ti9 

«li.schart;e <i«» 

di.«»oharge.  monthly 70 

gage  height  s OQ 

rating  t;ilile 70 

(N-nter  Conway,  .N.  II. 
Saeo  River  near: 

ile.script  ion 87-NK 

discharge 88 

discharge,  monthly W) 

gage  heights 8S-89 

rating  tal>l<" 89 

(Minton,  Mass. 

Nashua  River  (South  Branch)  at: 

de.<«cription 108 

rainfall 108 

yield 108 

Cohl)Os.si»«»c<)ntw  Kiverat— 
r.ardincr,  Mo.: 

description 73-74 

discharge,  daily 74 

discharge,  monthly 75 

149 


150 


INDEX. 


Cochltuate,  Maaa.  Page. 

I^ake  Cochltuate  at: 

description 104-105 

rainfall 107 

yield 107 

Cold  Stream  at— 

Enfield,  Me.: 

description 46-47 

discharge 47 

ga^  heights 47 

Computation,  methods  of 16-18 

rules  for 10-11 

Connecticut  River  at  end  near- 
Hartford,  Conn. : 

description 121-122 

gage  heights 122 

Oxford,  N.  n.: 

description 116 

dischaige 116 

discharge,  monthly 117 

gage  heights 116 

rating  table 117 

Sunderland,  Mass.: 

description 118 

discharge 118 

discharge,  monthly 121 

gage  heights 119 

rating  table 120 

Connecticut  River  basin: 

description  of 1 13-114 

Contoocook  River  at— 

West  Hopkinton,  N.  U.: 

description 101 

discharge 101 

discharge,  monthly 103 

ifagt?  hoif  hts, 102 

mting  tuljlo,        102 

CoDperatlufi  mid  at knowlpvlgmriits 18-19 

Unrrtuit  inottTtt,  clasa^^s  of 14 

niothods  of  using 15-17 

I). 
Dead  River  near— 
The  Forks.  Me. : 

description 66 

discharge 66 

discharge,  monthly 68 

gag«^  heights 67 

rating  tablo 67 

Dodham,  Me. 

Phillips  Lake  in: 

description 48-49 

discharge 49 

gage  heights rjO-Zil 

Deerfleld,  Mass. 

Deerfleld  River  at: 

description 134 

discharge 134 

gage  heights 135 

Deerfleld  River  at— 
Deerfleld,  Mass.: 

description 134 

discharge 134 

gage  heights 135 

Discharge,  methods  of  measuring  and  com- 
puting   12-18 


Dlzfleld,  Me.  Pa^e. 

Androacoggin  River  at: 

deacription 82 

diacharge 82 

diadbarge,  monthly 84 

gagehejgfata 83 

mtiiwtoMe 84 

itof M 


Eaat  Branch  Penobacot  River.    See  Penob- 

acot  River  (Eaat  Branch). 
Eaat  Holden,  Me. 

Phlllipa  LAke  near: 

ikspriptloti 4MB 

gPH^^hpight^     H 

rhillipa  Liike  (narthem  outlet)  at: 

deacription 4MB 

diacharge 4B 

gageheighta fiO 

Eaat  Pembroke,  N.  H. 
Suncook  River  at: 

deacription 103 

diacharge 103 

gage  height  a 104 

Enfield.  Me. 

Cold  Stream  at: 

deacription 4M7 

diacharge <? 

gage  heighta 47 

Equivalenta,  table  of 11-12 

Errol  Dam,  N.  H. 

Androacoggin  River  at: 

deacription 76 

F. 

Fish  River  at— 
Wallagrass,  Me.: 

description 21-22 

discharge 22 

discharge,  monthly 24 

ga^  heighta  22-23 

rating  table 23 

Floats,  use  of,  In  measuring  discharge 14 

Fort  Fairfield,  Me. 

Aroostook  River  at: 

description 24-25 

discharge 25 

discharge,  monthly 27 

gage  heights 2S-26 

rating  table 26 

Fort  Kent,  Me. 

St.  John  River  at: 

description 21 

discharge 21 

Foxcroft,  Me. 

Piscataquis  River  near: 

description 44 

discharge 44 

dksH'hiirgf .  moutbly 46 

gage  helgbta 45 

rating  table 45 

Framingham,  Mass. 
Sudbury  River  at: 

description 104-105 

rainfall 106 

yield 106 


rfTDEZ. 


151 


Franklin  Junction,  N.  H.  Page. 

Iferrimac  River  at: 

description 91 

discharge 92 

discharge,  montlily 93 

gage  heights 92 

rating  table 93 

G. 

Gaging  stations,  equipment  of 13-14 

Gallons  per  minute,  definition  of 9 

Gander  Brook  near- 
Wood  Pond,  Me.: 

discharge 63 

Gardiner,  Me. 

Cobbossepcontee  Hiverat: 

description 73-74 

discharge,  daily 74 

discharge,  monthly 75 

Garvins  Falls,  N.  H. 
Merrimac  River  at: 

description 93-94 

<ii'*t'liHr|;i'.  [iiuftthly 94 

GaylordsvlUe,  Conn. 

Housatonic  River  at: 

description 145 

discharge,  monthly 147 

gage  heights 146 

rating  table 147 

GilbertviUe,  Mass. 
Ware  River  at: 

i||i^-.*Ti(f!ilH<l^    13i» 

Gorham,  N.  H. 

Androscoggin  River  at: 

Jeiicription , 76 

Grindstone.  Me. 

Penobscot  River  (East  Branch)  at: 

description 38 

discharge 38 

discharge,  monthly 40 

gage  heights 39 

rating  table 40 

n. 

Hartford,  Conn. 

Connecticut  River  at: 

description 121-122 

gage  heights 122 

Holden,  Me. 

Phillips  Lake  in: 

description 48-49 

discharge 49 

gage  heights 51^-51 

Housatonic  River  at— 
Gaylordsville,  Conn.: 

ijfl'iicriptlon         145 

discharge,  tnomhlr 147 

gfngc  heights      146 

rating  table       147 

Housatoniii  Rtvt^r  ba^ln: 

description  of 146 

Hyclrogn^phen,  list  of 18-19 

HydTo^aphfo  uwrvey*^  annual  appropria- 
tions for 7 

organization  and  scope  of 7-9 


I.  Pagi*. 

Ice-covered  streams,  method  of  measuring 

flow  of 16 

Israel  River  (above  South  Branch)  near-- 
Jeffcrson  Highlands,  N.  H.: 

description 123 

discharge 123 

discharge,  monthly 125 

irr^r.    M.JUhM         124 

rating  table 124 

Israel  River  (below  South  Branch)  near— 
JiUnrstm  lltghland^,  N.  II.: 

description 125 

discharge 126 

discharge,  monthly 127 

gage  heights 126 

rating  table 127 

J*. 

Jefferson  Highlands,  N.  H. 

Israel  River  (above  South  Branch)  near: 

description 123 

discharge 123 

discharge,  monthly 125 

gage  heights 124 

rating  table 124 

Israel  River  (below  South  Branch)  ne^ir: 

description 125 

discharge 126 

discharge,  monthly 127 

gage  heights 126 

rating  table 127 

K. 
Kennebec  River  at  and  near- 
North  Anson.  Me.: 

description 56 

discharge 56 

discharge,  monthly 58 

gage  heights 57 

rating  table 58 

The  Forks,  Me.:  ,58 

description 53 

discharge 53 

discharge,  monthly 55 

gage  heights 54 

rating  table 55 

Waterville,  Me.: 

description 58-59 

discharge,  daily 59 

discharge,  monthly CO 

Kennebec  River  basin: 

description  of 51-52 

L. 
Lake  Cochituate  at— 
C4Kih[tiWLt«.  Ma  33.: 

description 104-106 

rainfall 107 

yield 107 

Lake  House  railroad  sUtion,  Me. 

Phlllipa    Lake    (southeastern    outlet) 
near: 

description 48-49 

discharge 49 


152 


INDEX. 


I  awnmcv,  Mam.  Page. 

Mcrriinai*  Rivrral: 

(lost'ription »5 

(liHchargo,  daily 96 

wookly  (low »7-98 

liwavillo,  Conn. 

Salmon  River  at: 

description 144 

dim-harge 144 

Little  Braasau  Lake,  Me. 
Mooae  River  near: 

diflcharge fi3 

Little  River  ne^r 

Twin  Mountain,  N.  11.: 

divicription 132 

discharge 132 

gage  heights 133 

Littlewood  Pond  Ntn>am  near 
Woo<l  Pond,  Me.: 

discharge 63 

M. 

Machias  River  near- 
Whitney  ville,  Me.: 

description 3<)-31 

disi'harge 31 

gage  heights 31-32 

Ma^'hlas  River  basin: 

description  of 3() 

Madison,  Me. 

Sandy  River  near: 

description 71 

discharge,  monthly 72 

Mattawanikeag.  Me. 

Mattawamkeag  River  Ht: 

description 11 

discharge 41 

<lis('harp'.  inoiithly 43 

ga^c  hei^lits 42 

nitillK  table VA 

MuttawHinkenK  River  at 
Mattawainkeaj;.  Me.: 

(Ij'scription 41 

discliarp- 11 

discharge,  nnmthly 43 

gap-  beight.s fj 

ratine  table 4.'J 

Merrimac  Kiv«-r  at 

Franklin  .Function.  \.  11.: 

df^^cription \H 

disciiargr '.iJ 

discliarj:*'.  ni«»ntlily !»."! 

pip'  li('i^]it> !»-' 

rat  ins:  table •»;! 

(Jarvins  Kails.  N.  II.: 

(li'scription it;{  '.M 

discharge,  monthly *M 

Lawn'nc<%  Mass.: 

d('scri[)tion ".»;"» 

discharge,  daily !»6 

wcN'kly  Oow ' '»7-98 

Merrima<'  River  basin: 

description  of \HV-\n 

Me.ssalonsk*-*'  River  at  - 
Watenille,  Me.: 

(h'Hcriptwn 7'2-"'.\ 

(liHchargo,  daily ""■^ 


P»«e 

Methods  of  computing  run-off 16-IS 

of  measuring  stn>am  flow 12-16 

MiiUnoeket,  Me. 

Ponobacot  River  at: 

description IU4 

discharge,  daily *» 

discharge,  monthly ij 

Miner's  inch,  definition  of I" 

Misery  Stream  near— 
Brassau  Lake,  Me.: 

discharge fii 

Montague,  Me. 

Pejiolweot  River  at.    See  West  Knfiekl, 
Me. 
Moose  Ri\'er  at  and  near — 
Attean  Pond,  Mo.: 

discharge M 

Little  Brassau  I^ke,  Me.: 

discharge W 

Rockwood,  Me.: 

descri  p  tion ^ 

discharge W 

discharge,  monthly «£-' 

gagi*  hi>ights 61 

rating  table 61 

Wood  Pond  outlet.  Me.: 

discharge ^' 

Moose  River  basin: 

miscellaneous  measurements  in 6^1 

Multiple-point  method    of   measuring  dis- 
charge, description  of 1*' 

N. 

Na^shua  River  (South  Branch)  at    - 

Clinton.  Mass.: 

description 1"^ 

rainfall l"'^ 

yield I"^ 

North  An.son.  .Me. 

Carraba.ssett  River  at: 

dejH«ri|)tion ft^  ♦>'•' 

<lischarg«' 'ii* 

discharge,  monthly 7u 

gage  heights «'^ 

rating  table 7i> 

K«'nnelxH'  River  near: 

descri|»tion "'• 

dis4'harge •■'' 

(lisebarge.  monthly -^ 

gage  heights ."•: 

rating  tabl«- > 

(). 
orfor.l.  \.  11. 

(oiuHH-ticut  River  n^ar: 

<ir.m  ript ion II'' 

disihargi- II'' 

«lis<'harge,  monthly 117 

gage  heights ll'"' 

rating  table 117 

V. 

Pemigewasset  River  at  - 
Plymouth.  X,  II.: 

description \*Sr^ 

discharge yy 

^  g,v\^v  \\v  "v^W^^ nVf 
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Penobscot  Rivpr  at—  Page. 

Millinocket.  Me.: 

description 33.14 

disi>hai^>.  daily 34 

discharge,  monthly 3.') 

West  Enfield,  Me.: 

description 35 

dischargi* 3C 

discharge,  monthly 37 

gage  heightH ;ift-37 

rating  table 37 

Penobscot  River  (Ka^t  Branch)  at— 
Tfrindstone,  Me.: 

description 38 

discharge 38 

discharge,  monthly 40 

gage  heights 39 

rating  table 40 

Penobscot  River  basin: 

description  of :«-:« 

PhilUps  Lake  in— 

Hoiden  and  Dedham,  Me.: 

descri ption 4H-I9 

discharge 40 

gage  heights fiO-Al 

Phillips  Lake  (northern  outlet)  at  — 
East  Hoiden,  Me.: 

description 4JM9 

discharge 49 

giige  heights •'•<),  'il 

Phillips  Lake  (southeastern  outl«'t)  m^ar  - 
I>ake  House  railroa<l  station,  Me.: 

description 4H-49 

discharge 49 

Piscataquis  River  near  - 
Foxcroft,  Me,: 

description 44 

discharge 44 

discharge,  monthly 46 

gage  heights 45 

rating  table 45 

Plymouth,  N.  H. 

Pemigewas.set  River  at: 

description 9h-9*> 

discharge 99 

gage  heights ^ 100 

Presompscot  River  at 
Sebago  Lake,  Me.: 

description H5-Jsfi 

discharge,  daily so 

discharge,  m<mthly S7 

Presumpscot  River  basin : 

description H5 

Q. 
Qnaboag  River  at— 

West  Warren,  Mass.: 

description 139 

discharge,  daily 139 

discharge,  monthly 140 

R. 

Rating  carves,  metho<lfl  of  construction  of.  nv-18 
Rating  tables,  metho<l8  of  construction  of .  10, 17 
Roach  River,  Me. 
Roach  River  at: 

description 63 

discharge 64 


Roach  River,  Me.— Continued.  Page. 
Roach  River  at— Continued. 

discharge,  monthly 65 

gage  heights 64 

rating  table 65 

Roach  River  at— 
Roach  River,  Me.: 

description 63 

discharge 64 

discharge,  monthly 66 

gage  heights 64 

rating  table 65 

Rockwood,  Me. 

Moose.  River  near: 

description GO 

discharge 60 

discharge,  monthly 62 

gage  heights 61 

rating  table 61 

Rules  for  computation,  fundamental  and 

sijecial 10-11 

Rumfonl  Falls,  Me. 

.\ndroscoggin  River  at: 

description 80 

discharge,  daily 81 

discharge,  monthly 81 

Run-ofT,  omce  metho<l8  of  computing Hi-18 

Run-off  In  inches,  dcnnition  of 10 

Russell,  Mass. 

Westfteld  River  at: 

description 140-141 

discharg<> 141 

gage  heights 142 

S. 
Saco  River  ne^r- 

Center  Conway,  N.  H.: 

description 87-88 

discharge 88 

discharge,  monthly 90 

gttge  heights 88-89 

rating  table 88 

Saco  River  basin: 

description  <»f 87 

St.  Croix  River  near- 
Baring.  Me.: 

description 28 

discharge 28 

(iischarge.  monthly 30 

gage  heights 29 

rating  table 29 

St.  Croix  River  basin: 

description  of 27-28 

St.  John  River  at 
Fort  Kent,  Me.: 

description 21 

fiischarge 21 

St.  John  River  basin: 

description  of 19-20 

Salmon  River  at— 
Ix»esvllle,  Conn.: 

description 144 

discharge 144 

Sandy  River  near- 
Madison,  Me.: 

description 71 

dVscVvfliTg!?.,  -moTvWvX^ "^ 
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Sebago  Lake,  Mp.  Page. 

Presiimpscot  River  at: 

description 85-86 

discharge,  daily 86 

discharge,  monthly 87 

8econd-ft V  (  jx-r  ?<i  ^  h  1 1  r^  ^  mile,  definition  of. . .        10 

Second-foot,  definition  of 9 

Sharon,  Vt. 

White  River  at: 

description 133 

Shellmme,  N.  II. 

Androscoggin  River  at: 

de^scription 70-77 

discharge 77 

discharge,  monthly 79 

i>yt^'-'-^t;^-i^        78 

nilingr  table        79 

Shetucket  River  near— 
Willimantic,  Conn.: 

description Ill 

discharge Ill 

discharge,  monthly 113 

gat^i  h^itrfiE'^        112 

rating  table 112 

Single-point    method    of    measuring    dis- 

dijirge.  di^jfcription  of l.'>-16 

Slope  rriL4hod  of  inf?A<iuring  discharge,  u.««e 

andviiliipuf         13 

South  Brjinf^h  Niiahuit  Jllvi^r.    See.  Nashua 
River  (South  Branch). 

Stri'Am  flow,  field  methods  of  measuring 12-10 

Sudbury  River  at— 

Framingham.  Mass.: 

description 1(»4-105 

rainfall IW 

yield lOti 

Suncook  Rivorut  — 

East  Ptunbroki',  N.  H.: 

dt'scriptioii lO.S 

disehargo 103 

gape  height H 104 

Sunderland,  Mass. 

('onnw-tUnit  River  at: 

•l<*.scripti()ii 1  IS 

(lisc'hargo 1 IH 

discharge,  monthly 121 

gage  heights 119 

rating  tabl«' - T-t) 

Swift  Kiv.T  at  — 

NVrst  Wan-.  Mass.: 

drsorij>tioii 14(1 

r. 

Tal)les.  explanation  of 10 

Thames  River  hasin: 

(lescriptij»n  of 110^  111 

The  Forks.  Me. 

Dead  River  near: 

description <i(l 

discharge ti^i 

discharge,  monthly tW 

gage  heights i' 

rating  table i>7 

Kennebec  River  at: 

description .'i^ 

(lischnrgc .'i^l 

diachargv,  monthly ^ 


.7    I 


The  Forks,  Me.— Continued .  Pagp. 

Kennebec  River  at— Continued. 

gage  heights 54 

rating  table 55 

Twin  Mountain.  N.  H. 

Little  River  near: 

description 132 

discharge '. .  132 

gage  heights 133 

Zealand  River  near: 

description 130 

discharge 130 

discharge,  monthly 132 

gage  heights 131 

rating  table 131 

V. 

Velocity  method  of  measuring  discharge, 

plk-iKc^riptiHU  Mf 1^16 

^'ertlcal-inti^riitirtn  jm^lhoil  of  meaauring 

dIachAi^%  dficHp tiun  of 16 

\*r'rllml  VI 'locit  y-cn r  vm r  1 1 - 1  h « 'd  of  measuring 

discharge,  description  of 15 

W. 
Wallagrass,  Me. 
Fish  River  at: 

description 21-22 

discharge 22 

discharge,  monthly 24 

gage  heights 22-23 

rating  table 23 

Ware,  Mass. 

Wttn»  River.  ne4ir: 

description 1315 

discharge ]». 

discharges  monthly l.'fcv 

gage  heights 137 

rating  table ISs 

\Van»  River  at  and  near- 
r,lllM»rtville,  Mass.: 

description l.S 

Wan».  Mass.: 

description 1.% 

dischai^o 13i» 

discharge,  monthly i;t>« 

gag<'  luiights i;rr 

rating  table l.'vs 

\Vat»'rville.  Me. 

KeinieU'C  River  at: 

de.script  ion iS-.Ti* 

discharge,  daily .t9 

di.scharge,  monthly Ui 

Me.s.salonskeo  River  at: 

description 72-73 

discharge,  dally 73 

Weir  method  of  measuring  discharge,  re- 

[jiiiniiipnt^  of 13 

West  Enfield,  Me. 

Tenobscot  River  at: 

description 35 

discharge 30 

discharge,  monthly 37 

gage  heights ;*>-37 

TwVvw^  \.«AA^ 37 
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West  ITopkinton.  N.  H.  Page,  j  Willlmantic,  Conn.  Page. 

Contoocook  River  at:  j  Shctiickct  River  near: 

description 101  description Ill 

discharge 101  discharge Ill 

discharge,  monthly 103  j  discharge,  monthly 113 

gageheights 102  gage  heights 112 

rating  Uble 102  '  rating  table 112 

West  Ware,  Mass.  I   Winchester,  N.  II. 

Swift  River  at:  ;  Ashuelot  River  at: 

description 140  description 133 

West  Warren,  Mass.  I   Wood  Pond  outlet.  Me. 

Quahoag  River  at:  '  Gander  Brook  near: 

description 139  discharge fi3 

discharge,  daily 139  Little  Wood  Pond  St  re^m  near: 

discharge,  monthly 140  discharge 03 

Westfield  Little  River  near  Moose  River  at: 

Bland  ford,  Mass.:  discharge 63 

description 142-143  I   Woonsocket,  R.  I. 

discharge 143  Blackstone  River  near: 

gageheights 143  description 109 

Westfield  River  at—  discharg«» 109 

Russell,  Mass.:  gagt*  heights 110 

description 140-141 

discharge 141  I  Z. 

gageheights 142      Zealand  River  near- 
White  River  at-  Twin  Mountain,  N.  H.: 

Sharon,  Vt.:  description 130 

description 133  discharge 130 

WhitneyviUe,  Me.  i  discharge,  monthly 132 

Machlas  River  near:  gageheights 131 

description 30-31  rating  table 131 

discharge 31 

gageheights 31-32  | 


II  SERIES    LIST. 

1908.  EaAt  of  MiBsiflsippi  River.  Water-Supply  Papers  New.  97  and  98. 

We«t  of  Mimiflfdppi  River,  Water-Supply  Papers  Nob.  99  and  100. 
1904.  Eant  of  Mimissippi  River,  Water-Supply  Papers  Nob.  124. 125. 126.  127. 128.  and  129. 

West  of  Mississippi  River.  Water-supply  Papera  Nob.  180, 131, 182. 133. 134.  and  135. 
1906.  East  of  Mississippi  River,  Water-Supply  Papers  Nob.  165. 166. 167,  168, 169,  170,  and  171. 

West  of  Mississippi  River,  Water-Supply  Papers  Nob.  171, 172, 178, 174, 175,  176, 177,  and  178. 

The  (reological  Survey  and  the  Reclamation  Service  have  suboffices  in  different  parts  of  the  Tnited 
States,  fn>m  which  hydrographic  and  reclamation  work  in  the  respective  localities  is  carried  on,  and 
where  data  may  be  obtained  on  application.    These  offices  are  located  as  follows: 

Boston.  Mass.,  6  Beacon  street;  Utica.  N.  Y.,  75  Arcade;  Atlanta  Ga.,  409  Temple  court;  Auttin. 
Tex.,  University  of  Texas;  Chicago,  IlL,  876  Federal  Building:  Belle  Fourche.  S.  Dak.;  Cody,  Wya; 
Denver,  Colo..  Chamber  of  Commerce  Building;  Salt  Lake,  Utah;  Los  Angeles.  Cal.,  1108  Unkm  Tnti 
Building:  Phonix,  Ariz.;  Carlsbad,  N.  Mex.;  El  Paso,  Tex.;  Billings,  Mont.;  Huntley.  Mont.;  Hasn, 
Nev.:  Boise,  Idaho;  North  Yakima,  Wash.;  Portland,  Oreg.,  851  Washington  street. 

Correspondence  should  be  addressed  to 

The  Dirkctor, 

United  States  Gbolo«ical  Survey, 

Washington,  D.  C. 
May,  1906. 
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